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(54)Title: VEGF-BINDING POLYPEPTIDE 



(57) Abstract 

A novel polypeptide efficacious as a low molecular VEGF inhibitor usable in the treatment of diseases accompanied by 
neovascularization, such as solid cancer. This polypeptide is one containing a first immunoglobulin-like domain and a second 
immunoglobulin-like domain in the extracellular region of KDR which is a VEGF receptor. Although this peptide has a VEGF inhibitory 
activity, it can be easily expressed by a recombinant DNA because of the low molecular weight diereof compared with the conventional 
polypeptides. Thus, it is expected to quickly infiltrate into the affected parts. 
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m^m^xmmt^tzibizit. wtWikmis'^m^iia.mt^mrjpxis>mm^X'mm 
t^^t i^'j^^mx^ ^ . M^t^is >mmizMrMLxwisbx a ymm.<ommi?m^ 

a^tcJOji^nS (J. Folkman, J. Natl. Cancer Inst., 82:4 (1990)) o iLtz. 

mm.mmmm.x\±mm\^mm.mu^m^^m^. ^nt^^kmo^mmttn'^x^^ 
zc:tt^$>^o ^ ^izm^^mmv ifa^iii, ^j^^^. jfa^if^ 
UiHW^j:}:^<Dmmi::-i^^^x^mmmMm^^^m\ ^tii!fi^^'^^<D—D 

oTV^•5 (J. Folkman, N. Engle. J. Med., 320:1211 (1989)) o Jfll^ 

Mmp^&mm\tibLm(DWL^p^m(om^mmvx\^mmx&*). jfii^«f4{i> 
mm^^tzimmmizM'^p^^mmcDmm^pmt^i^mi't lx. b f g f 

(basic Fibroblast Growth Factor)s aFGF(acidic Fibroblast Growth Fact 
or)s VEGF (Vascular Endothelial cell Growth Factor )x PD-ECGF(P 
latelet-Derived Endothelial Cell Growth Factor)s TNF(Tuiour Necrosis 
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Factor-a). PD G F(Platelet Derived Growth Factor)^ E G F(Epiderinal G 
rowth Factor )^ T G F - a (Transforming Growth Factor- a )> T G F -/? (Tran 
sforming Growth Factor- y9K H G F (Hepatocyte Growth Factor)**^ ^ tit 
S (L. Diaz-Flores at ah, Histol.Histopath. , 9:807 (1994)) o Ztli^O)^ 

x\ vEGF dkmpi&mmmmm'?-) itibLm\^^mmi>::mi5bxn^mzimt 

VEGFti. ^'J'm47J--473 5=^(Dm^>^^^mX2mi^t\yX^^\^ (P. 
W. Leung et al., Science 246:1306 (1989); P. J. Keck et al., Science: 24 
6:1319(1989))\ VE G F Hr riS^-td^^-f 5 .toTftffl U 

^<(D:fJ>mm{tVEGF^mj^ir^ (S. Kondo et al., Bichem. Biophys. 
Res. Commun., 194:1234(1993)) o iiymm^>i ^mVEGFt/O^X m^t^t 
i^>m.mM^U'^(Omm<Dm±Mmt^^<^k^^n^ (H. F. Dvorak et al., J 
. Exp. Med. 174:1275(1991); L. F. Brown at al.. Cancer Res., 53:4727 (19 

93)) o vEGFu-i:r^-(D-'Dtfim^mz^^it:^ntz-7^7.xit^m^nrz 

aXDmmtl^mii^ti^ (B. Millauer et al.. Nature, 367:576 (1994)) o in! 
VEGF^mijii^ti^mtl>-^^7.izMbXifimmm\^^^st (K. J. Kim et al. 
, Nature, 362:841 (1993); S. Kondo et al., Bichem. Biophys. Res. Commun. 
, 194:1234(1993)) o 

iiK±<ommti'ib. -^ymmt/^^mt^vEGFitmrnMrnm^iziii^^x^mtji 

VEGF®U-br^-{i. bhT-ttFLT (M. Shibuya, et al., Onco 
gene, 5:519 (1990); C. DeVries et al., Science, 255:989 (1992)) tKDR 
(B. I. Terman et al., Bichem. Biophys. Res. Commun., 187:1579 (1992)) (D 
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2^m*s^6nT43Ds FLTi5«}:t5KDR©i||||S^^^tt^l(C;rN^nSJ;-5 

TttRl^f4SlU-b:r^-OcDNA*J^D-->'y^n't*t) (R. L. Kendal a 
nd K. A. Thomas, Proc. Natl. Acad. Sci. U. S. A., 90:10705 (1993)) . CI© 

1 ~^ 6 K ^ V E G F izm-^T ^dtffi^^ti 
Tl^S (R. L. Kendal et al., Bichem. Biophys. Res. Commun., 201:326 (199 
4)) o 

it (S. L. Morrison et al., Proc. Natl. Acad. Sci. U. S. A., 81:6851 (198 
9)) J^'bh^b^^Tiv 4^latg5&^i3&t)^l^J:a^wb3&*se>•^e7::^t^;#:^DT^>'^ 

^IS^f^h^t? (S. Wagner et ah, Nucleic Acid Res., 22:1389(1994)) . ^ 
mvkco J;^{cVEGFl/-fer^ ~® j|B^la^M^{i^ V E G F tc?^ b^Nf ^fi^tiK 

^intST'^^ b^ V E G FfSti^Pfl^T ^ s<3[)t jfiimif^Pi^^pi t x^xmmt^ 
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So ^J;tl^^ HI V©l/•br^$'-T•$)SCD4®qI^^4^®Ifilf^*M^{d:l 5^ 
(D. J. Capon et al., Nature, 337:525 (1989)) > -r>^ — 7xD>r 
©Ji^iiJfilff^M^tta O^T'^ofe (I. Rutenfranz and H. Kirchner, J. In 
terferon Res., 8:573 (1988)) o 

CD 4(DmT{±tjii$.I gG 1(DF cmmtCD^^'^iZLtzm^iZlbLtp^mmi^ 
1 5^3!)»e)4 SNf^JcE^^tife (D. J. Capon et al., Nature, 337:525 (198 
9)) o t,tctfii^(OF cmmt(Dm^^-^}^y'^]'izt^:itizX'D-ciAi$-iy^W-o 

TVASx7ii^^-;^t6, U\it>mi^ik^^mmWmm\i (D. B. Amos et al., T 
ransplantation, 7:220 (1969)) 43cfctrin;i*:^fe#(4«BJiai^^fSi4 (A. Y. Liu et 
al., Proc. Natl. Acad. Sci. U. S. A., 84:3439 (1987)) ^gl^t'^S^^* 

mnx' t So Mtc F c mmtiiff vx 2 mmt^n 1 2 mmx > h 

lig^-r s j^^tc {iiiiot43f)S^§isK: (p]±f s$ji^ i> mmx § s » 

gi^DNAO^^*AS;^t <^S3(p^T-^So -^iCaiA-TSD N A^^^Mit)* 

V^4^U^7•^Ka:M-Na)^lit$*^,^l^i:V^9^;i^?£^bTV^S (D. M. Lane e 
t al., Br. J. Cancer, 70:521 (1994) ) o 
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2^^BJ# e>tts V E G F ^^MtifOizmmt^:! i: (c J: 0 ifii^ff^SHgT ^ S 
KD ROTO^MJ^©^ 1 >r Ay i7Dr U >^ Kp< ^ >3!j^e)^ 2 Ay 

>^ u >^ K ^ -f > ^^tf 'J K AS V E O F ^c!^Ma^A>oig^^^^4T♦M^b 
. vEGFtst4sPMT§5ci:&Mv^;^bs ^^fl^^^fjgbfco ^mm 

^ WAyyDy^i;>iiK^-r >d*e)^3'i'Ay^'pr'j ^^^k^-yxd^ 
T^^tf^U'^r^ h\ ^ w Ay^7D7^u>^Kp«^ >*>e)li4>f Ayi^p:^ 
>J >^ K p< ^ >®^T <£^tf^ u h\ s 1 ^ A y r 'j K y ^ >>(p 
f)^5-r Ay^oyij >ah'y-r >cD^T^^tfJt<U'^r5" K^*)*^0^®7i<u 

^7*^K{::^*n^o m WAy^D:/U>i^Ky>f >;fpe>^5'rAy^ 

p^u >^ h-y ^ >® o ^ 3 ^ Ay ^/D T^u h-y >r 5 ^ Ay 

P U >^ Ky -f >©ffi3t® 1 o ^ 2 OCD H y > ffiX^ bT S 7j< u ^7- 
*%0^®>^*';-^7-5^K(3#tnSo VEGFlCi^^btVEGF 
PIg-r S c i: A« T* § S I® D X *^BJ CD jJ^ U ^ 7*5^ H 43 {:f 5 citi ^ K y 

^ >©T^ y^SB^iJti. -giiOT^ y^*sim75jif(C<t •9^^bTV^T*<i:l^o 

bjtpbs ^»)^?g3?)S;^^i>7i^';^r^h\ WAy^j^P^vv^h- 
y^vA^ei^e'f'Ay^py^'jv^Ky^ >CD:^T <&^tf ^ >; ^7*^ h' t 
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tf ^ -^r^ K i^o^ i: tc. V E G F iznmmi?'Dmmmi$.'^^^^ bo^i) 

^^KDR®N*$S (ia^J#-^: lomoD Ta 1 aj ) **e)ig(X.fe^S#^<£ 

lgWA^^D:/U> 1^115 

Ay^DT'iJv 116-214 
^3^Ay^D-/i;> 218-319 

A>'^D7^'J> 319-392 
^S-fA^^nyuy 3 93-533 
^e-r Ay ^Dr'J> 5 3 4-6 4 5 
ST-f Ay t^P7'U> 64 6-7 5 0 

«c^3?jJHS^) ^lg«l/^t47xy-;i/?g (p. Chomzynski and N. Sacchi, Anal. 

Biochem., 162:156 (1987)) J: t)^RN A^lftmu t^)zid1^)\/U-7.^ 
J;^T^U (A) *RNA^^^-r§o Cin>£i|^i: b"r?3*te¥P^h;r U =fd T 

(12-16) 7•^^T-;£fflV^T l*tlcDNA^fc(i27^llcDNAS^^ 
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(J. Sambrook) (^<D r^^^D — (Molecular Cloning) j (Cold Sprin 
g Harbor Laboratory Press, 1989) ^3^^£oT^f-5c:^:*J■e§5o ^ferfJBSO^U 
(A) "RNAMsS^ (01igotex-dT30 : ^MitM) -^cDNA^fiK ^-y h ( 

^•iiJ;ai:-rSMJ;^®DNA<&jii^^ffeiilS6#^-r'^t)mu ^^^'^^^J'-C^A 

ii^tcff^nfccDNA^^ShUTPCR^ (" PCR Protocols" , Michael A 
.Innis et. al'.. Academic Press Inc., 1990) iZ^^U&i^^CO'Dl^ A^m^-T 

-DNAtiDNA^^^ irr^-f \^^U:^i/7.^AXm. H^^U^KTU^t^ 
DNA^fi^^^tt. 

±^7*^^^-: 5 ' N(3~5)X(6)ATGGAGAGCAAGGTGCTGCTG (iB?iJ#=^ : 2) s 
Ts/ar^'f : 5' N(3'-5)Y(6)ACGCTCTAGGACTGTGAGCTG (iB?y#^ : 3) . 

mi-m3^Ay ^D:ri;>^K^-r >&ii-.K-rscDNA&l#^^^tt> ± 

5' N(3~5)X(6)ATGGAGAGCAAGGTGCTGCTG (ia?!j#^ : 2) s T 
mrT'y^^-'. 5' N(3-'5)Y(6)AGATTCCATGCCACTTCCAAA (ge^J#^ : 4) ^ffl 

|^®l!ffe^{±^»|gC^&^1-o Mi*:fl«J{c:(i^ N(3~5){iAs G. T0fqjn3b>3t)5 3 
-SfS^SfSCt^^^^U X(6)^fe{iY(6){i. 6^S:£^ig-rS^JIl^^«> 
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TJii75(Ri{-i2SbTVAife{tti(^:fe^:&v>o r^-(^-mm^. kdr dnak 

^J^m-r5gl5^{i'i:'-rb*»2 l^^l::lS^1-S'i>lltt=&< 1 7-2 5^mum 
X"h^l^o PCR(D^mtmm<D rpCR Protocolsj mm(Dmmm^i^X' 

77^1/ T—fe*) rS^4®$)SP f u^U7<^— tf (Stratagenei^) A^Taq^y 
^ ^— {ZP f u;}^ U ^ ^— If S^SPb;fe*)CD^ffll^fc:^A^P C Riii|iB$®MM 
if (Fidelity) *Jti-r (W. M. Barnes, Proc. Natl. Acad. Sci. U. S. A., 91: 
2216 (1994)) o 

c:0^^CDPCRT-lii|@bJ;d tt-SDNA|grM-{ii23?iJ*Jg£ftI'5:®T% mm^k 

'r;i/;fp^(D(5]iR, f|iM^SCJ:^tOifttauiKliO TMolecular Cloningj i3«eotff 
^c:t*JT-§5o ^feDNA®y;i/*»e)®lPiiiR{c{d:r|3|5®^^;^h:-X5£fijfflb 
fc^^vY (^J^{i>'W:t5>y K^Prep-A-Gene) ^^Mffl-TSC: ilA^T'tSo 
llIlKUfeDNA»TM-{±x X(6)*JJ:rrY(6)>&^m-etS^JIS^^t?»fit®i^iS 

M»y7r~. 0»JA(iTE (lOmM Tris-flCl(pH7.5)/l mM EDTA) tc^^^to Isl^tc 
UTjil^dJ^^-^^^-fO^D-x>^fflM^x X(6)*JJ:t5Y(6)^^»r'e^ 
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5o Z<D^oi=.t^ZtlZJ;:^XX{S)^^XJI^YiS)mm^iiim(Df\^^i3imi^^m 
DNA<&. m^U^^^-DNA :ffADNA»fM-®i:b3(J*l : 5-1 : 1 Ot3)& 

lEJfefl:^®i*:iri:^^i:UT. *f AbJ^a ai-r5DNA^it^Ji*ibfc7'v>r v 

o mX\i£i^mB (Escherichia coli) ^ i^j.— K^:^;^ (Pseudomonas) MBM^ 
(Bacillus subtilis) ^ ^-^^JIX • yui^T. ( Bacillus brevis) s /^f- 
• (Bacillus liqueniformis) s ••^a— 

(Bacillus thuringensis) sfeifCD^^ APitit AHMSs 1^=^ 
T • >'^:^ h (Pichia pastoris) ^ ^'V^-9-^y*P^-b;i- (Shizosacc 
haromyces pombe) ^ -y-'i/^D^-feX ••feUfi/x (Saccharomyces cerevisiae) 

TX^;i/=5r;i/;:^ (Aspergillus) M®cta^^M^> Sf9(Spo 
doptera frugiperdad^^jx Sf2K TN5(Trichoplusia nifi*)x BN4(BoiDbyx moli 

)tjiif:<D^otiim^mm. cho i^^^ =.-x^\h7.^-mm^^) ^ c os^iia 
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10 

>\^y'>hmU^. ^^'f-)l7.mX'l,tzi>\iy'> hmm^ (K. BoU and G. A. Wi 
llson, J. Bacterid., 94:562 (1967)) . h r-^;^ (M. Mandel and A 
. Higa, J. Mol. Biol., 53:159(1970)) . S#S-ett7*D h^yy^^hm (M. Bro 
ker et al., BioTechniques, 5:516 (1987)) s m^mm^XXrmimmS&ti±V 
if7xi^^>^ (R. W. Malone et al., Proc. Natl. Acad. Sci. U. S. A., 86 
:6077 (1989)) ^ ^}>m*)li^^Am (F. L. Graham and A. J. van der Eb, V 
irology, 52:456 (1973)) t) 9 C ^ ^tcocU ^ h U^^U-i/ 3 

ttU;i^V~A^^ia^!i*s (J. R. MacLaughlin et al., J. Biol. Chem. , 256:11 

283 (1981)) smx'i^^o m±ifefei*:D.NA®-gp<&*u m^f^xmmx^rji 
i^^^^^-^tm^x^^^^t^tmmm.mt^M^^'^^ m^m^i^mz^^s^ 

-c:ti&3ht5:^mi)mm-r^iLtffiX^^ (it^^¥4-278092^. D. J. King et 
al., Biochem. J., 281:317 (1992)) o ^mmmX'ittji < , |&tl*5V>tt 

^m^iztt-<. x^M\^^^mi±xti-( ^m^t^^-r^^j^y^ Ym^^bmx^^ 

9 m-^^m. TP#-Bl3^ 8:39 (1991)) o ^^m^^ 

^ U ;t x' X ^ X D - SC IDT 1^7 X 7 - h* V H7 
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o *^B^®DNA?£fflV^fc^^>;^^^x-'y^i&^^ (G. Wright at al.. Bio/Te 
chnology, 9:830 (1991)) h5>;^i^x->y i:7^j|t) (M. Owen et al., 

Bio/Technology, 10:790 (1992)) ^^^tLXmP^t?>Zt'b'^m'^^^Oo 

^^'ea&SOiBpA> OmpF> 7;r:^7 7^-H?-rfe5PhoA> h-;^l^-^i$'>>''?^ 
KT-^?)MalBs (Bacillus) Mt:(±^SiE^'l7!)^*»(7Dr ^ ^— lr\ 

t^CLti^m'&l:^)^ (M. Uhlen et al., Methods Enzymol., 185:129 (1990)) 
■b7TO-X^-SV>{±7'P7^-r >G-fe7 7P-X (E. Harlow and D. Lane, "Ant 
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ibodies", Cold Spring Harbor Laboratoly Press, 1988) x 

;^7x^— tf (GST) r'$)^m^liZlt^)l^^:t>'tyTU-7. (D. B. Smit 

h and F. S. Johnson, Gene, 67:31 (1988)) ^ ;^D^A7i— u— ;i/ h^>:^7 

V— -e^5il^{;:(iNi*"-NTA(nitryltriacetic acid)T:i^D-;:^^fflv^fcT7 
ii7^^^DVhi^57^- (F. H. Arnold, Bio/Tecnology, 9:151 (1991)) 

I AfeSV^{i'i7x;^^>MW{3J:oTti^m^•Sc:^:*^'■e^So ^^b^cd^^^U^t* 
f- h*i:M/i&•rs^5^;<t:ii^ NM^^^ 2 SSg-S 9#gCDT^ y^ia^!j^cm•r 
S:t U if^r^ K^-^^igU ^l^ila:^;^>^^>feSl^{±KLH (keyhole lymphet 
hemocyanme)J5ci:*®=^-\' UT— ^>>''^^Mi:0!)3>i;ay-r h ^f^fi)ol/'i?1t:¥'5: 
t:izmmmrj::^mx^^t^Ztxm^tl^ (E. Harlow anr D. Lane, "Antibo 
dies", Cold Spring Harbor Press, 1988) o ^tz^^^yf^ ^) \^ tikcDTf^V 

-^7•^^'©1^^4^£^|JfflbT)liMbT^5^i^i:bTffl^^T^)*^R§®:^^•;^7•^^• 

E G F Sfi^fflf tiJi x;Ki^S^5(|^f5t4 A* f>)^^*sSI^-C- # 5o ^mmr^ U 
^7-5" K^M^-r frofc^ PT hy^ 7 -f-Oii^i:''' I -VEGF& 

7'U'i' >:^i-^- h bT3{pe)C®ru- h©'i7x;Kc^u ^sMltfSti^S'J^ 
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izi^^t^^t^mmt^o -ffJityibs ^^B^^^^-'j'^r^ KttVEGFtSi** 
H^-rSOTv VEGF^J^{Ccfc5Jfiimi^J^ilBlfla(DiiJi^£PI^Ux VEGFtJ; 

o 

(D^m±.mt •='''i-vEGFi65 h(D^mm!mm.m(om%vm'^(D7>r- vyi^Tit^ 

S3{is HUVEC(DVEGF^#t45^^s;>mDii^^^{Sxi®EDK 1 3^3S 

0 5{i> ]|i^VK 1 2H45<taf)li^VK 1 3 H© S D S - P AGE>'l^->§ 
06ttx VEGFiD-hT-lz-htC^-rSM^VK 1 2 HiJcttJfJlil^VK 1 3 
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KKBRmm^mw. (edk) (D^^mt^^^m.t^mm^^'^^:^^'^^}^^ 
©ft fig > 

• t hM^S^lfil^f^JSm (HUVEC) cDNA(Dmm. 

HuvEc i^^r^^m) mixi o '^©iiflsn i m i o i sogen im9t 

d^mmtohtzo c:cD^?gEt: imlcD^PP7;j-;i'A§»t l^^Mi:'5 b 

. 1 0, 0 0 0 r pmT' 1 O^^Pemt^Us ±^i>£[IlIKb^ 1 / 1 0 ^c7) 3 MS^^ 
:>-hU'i7A CpH5.2) ^?35J!lDUTM^LMt: 2 . 5^®a^^ ^ -;i'*»b;fe 
o Ji^t^U-C^5bil©SlHllRU 7 5%x^y-;i/T-?t«S^?5fe#U^!litT 1 0 0>w 1 
<Z)M^M®Ufcigi67X{ci§0U;feo 1 0 2//g©RNA*J|f e>nfco Z(Dmmi^l 
0%SDS<£l//l^j!lPU100>cdlC!) roiigotex-dT30 (SMiiil^) J ^mtU b 

:hhU'>A^rI^L3 7°CT10^mSbfco ci(3DgS«<& 1 5, OOOrp 
mT'l 5^F^3giC>L^ 1 0 0 /z 1 OMM® bfel^TKicil^b 6 S'CT-S 

MU HUVEC^t^"'; (A) ■^RNAi:U;t:o WTcicC)?^?S^ffll^7 r^lz-^i^TCD 
cDNA-^Sll^y h^m\^\ T-iT;i/{Ct^eoToligo(dT)r7'f ^>^®HUV 
EC2S^cDNA^?Sl 0 O^l^fffeo 

• KDRmm^mm (edk) ®gi5:^»TM-^=3-K'rsDNA0^D-->^ 

±i3T'f§fe HUVEC fi^cDNA t LX. UTCD^'^'X P C R ^tf o 
m^mm^ i5 0/ul^) : P C RcDSiitvlfef^ 
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SmI LA-PCR buffer (^Mjiii) 1) 9 5"C. 1 . 1 ^-f 
0.25 mM dNTPs 2) 9 5U 1^. 5 l^s 

200 nM r^^.-T-l 7 2U 2 . 5:^<£ 3 5 ■y-'f 

200 nM r^-rv-Z 3) 72*a 

\ul HUVEC cDNA 

0.5 U LA-Taq polymerase (^iijgM) 

7-^>rv-l: 5'-TTCTCGGATCCTATAAAT ATGGAGAGCAAGGTGCTGCTGGCCGTC -3' (ia^l# 
^ : 5) 

^ T-2; 5' -TTCTCGAATTCTTAGTGGTGGTGGTGGTGGTG ACGCTCTAGGACTGTGAGCTG -3' 
(iB^J#^ : 6 ) 

TDNAI@TM-:&le|lRb}feo ^mLt^itm^3 0 uKDTEIzmmU TiSu-^ 
^)\^m%imizi!?i-jrrco i^i:■e2.OKbp®DNAif;t^^0aib^ rprep-A- 
Genej (/W •)/ KM) ^Mfflb■7-^7';^^C^^£V^DNA»fi^<£(iIiRUfco iJ: 
t::c:®DNAif>T-SBaiHIT'mU ^<DS«^^fi(7)T EtSfn^ x/-;i/T-$fl! 
Sb^ TKlstP?) rprep-A-Genej ^ffll^TBaInHImD N Airit^iaiRbfco Z0 
BamHimDNAKfM-lC^bT rT45j< U 7 l/:^-^ K^:^— I? (T4 Polynucleoti 
de Kinase) J (^ii)tii) ^&ffl^^T^ 5'*iSg® 'j >^'fb*ff ofco CKDSjiS?^ 
7!p T E fiSln 7 X y b fcTKJi igiR b> X ^ >' b 5 * * 

5g »; > ^^bBamH I vi^b D N A »rM- ^ SIR b o 
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m) ijug ^hwiwx^mit u^ ^©s^&M ^fe^ftcD T E tain 7 X y b> 

.^(DT^mti^^ rPrep-A-Genej ^fflV^TBaJllHI?^^bp U C 1 1 8 HincII/BAP^a 
^10: lO^MbT-M^U 5^y-i>3> (^-r'r-i^3>^'y h> ^Mit 

(^mmm ^mnumL. 7 5/ig/micDr>t:i/'j>s^tf2xT 

YJgflk (1 l^*! 6gh';7'h>. lOg^Sxdp;^, 5gm:M^';'i?A> 1 
.5g«^) (crix-T^^ >i^L3 T-CT'-^igat^o m3K-rsT>t:s/u >ir 
i4:3P--^m^tj^T-^^, 5 O/zg/ml07'>t:S/'J ><&^tr 1 0ml© 2 
xTYi^mxS IVXl^mmL. (giRtfeai*:*^^7';i/*U^ (mfiili® TMole 
cular Cloningj (D:^miZ'iJi':>tz) T'T"^;^^ HDNA<£ffimUs TpED KH 

' KDRmm^mm (edk) (D^^m)=^^^m.tum:^^^^^T^^^^i^^ 

±iB©<t-5l3bTfl^nfer^^^ K TpEDKHSj ^haioRl^ XUlcoUX 

enej ^fflV^TBaIIlHK EcoRimD N A^it^IillR tfco |5I^tcM^;i/^•^^i D 

h^VX^T-^^^-T-feST*^;^ ^ h'p VL 1 3 9 3 (PharMingen 
M) l/^g&BainHIiJ<tt>'EcoRI-eri<bb> ^®Sji&fS?fc^M<^T Eia^n7xy- 
;i/T-maL> tKIj!?^ rprep-A-Genej Sffll^TBalllHI^ EcoRIf^^bpVL 13 9 3 
J0r>t&Ie|ijKb;t:o 

^(7)J:-5t3bTf#e>nfcDNA»fM-i:7'^:^^ h*DNA?£ 1 0 : l(D^;HtT 
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2 X T YtMtC 7-L/ -7^ > ^ U 3 7 °CT'-^^tg« bfco m^^l" T > t! S> U V 

llc^U -tJ-^^^^i/iC^a 0[5I{iUTHu?ili^|5l^{::PCR^ffofco PCR^® 
S/i&?t<ScT:^/P-;^>y;i/T-mm«'1ci&U 2. 0 kbp©/N-> 
^,Mt::i^>^;i/np:i->&#JiU rpEDKH2 2j fc^ftttfco ZO^PlT. 

(D r^^^D-zi>^j ©^^^tl^^-pfc) &^Tl^x ±miJc):t>*TM3!)*^l^l 5 0 
i^^(Dmm^m-<tztZ^. KDR«^^^ (EDK) d-7=^>^DNAO 

±^B®«t^^3b■C^#e)nfe7•^;^^ H rpEDKH22j ^mMtiyX. likT 

m. 

5// 1 U-PCR buffer (^SBM) 1) 9 5°C. 1 . 5^^ 1 i^-f 
0.25 niM dNTPs 2) 9 1^. 5 8'^ 1^. 

200 nM 7*7^-7-1 7 2°Cx 2. 5^43 51^^ 

200 nM r^-f x'-S 3) 7 2'Cs 5^^1-^>(^)l 

l/il HUVEC cDNA 
0.5 U LA-Taq polymerase 

r^-fv-l: 5' -TTCTCGGATCCTATAA ATATGGAGAGCAAGGTGCTGCTGGCCGTC -3' (ia^ij# 
^ : 5) 

r^-fT— 3: 5' -TTCTCGAATTCTTAGTGGTGGTGGTGGTGGTGAGATTCCATGCCACTTCC-3* (IB 
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U> 7jcl&IiliRU 10%SDS<£l>ul»t> QOVCd^mUULtco Z 

J\/-t!mM,^mvtco i5J:-^1.0Kbp®DNA»TM-^^»3mu> rprep-A-Gene 

I*5J:?;fEcoRIt?M<bU ^©Sii&rSS^SCD T Ega^7 xy-^l/^SU zK® 
jtpf) rprep-A-Genej <£fflV>TBainHI> EcoRIvl^fbD N Air/t^fHiRbfeo 

VL 1 3 9 3x lug^^w^l^^mcoU-^miti^s ^(OS.Jl^xm^^m<DTEf& 
*I7xy— ;i/T-^!lllU 7Kmi>^ fPrep-A-Genej ^ffl^^TBalllHK EcoRIv^-fbpV 
L 1 3 9 S^rM-^ISliRUfco 
c:®J:^{CbTff ^tlfcDNAifM-hr^X^ KDNA>& 1 0 : l(D^)VttX' 

||{3S^>^;U3p--;£#iib> TpbEDK 1 3 j t^niftzo " 

rpEDKH22j ^bb<{irpbEDK13j 5 0 //g/m 

1 (DTyi^i^ U >S^$t 100nil®2xT YtgitT* 3 7-CT* 1 ^^HU UliR 



wo 98/31794 



19 



PCT/JP98/00140 



>X^*^A (Diagen GimbHs QIAGEN^) T-)liMU 2 0 0 //I® T E 

• ED K<D^^mt^^^Mt mi^^^"^^ ^ Ji:^<Dim 
TMN-FHJ§«fe (PharMingenM) T'ig^bfe 8 0 %n >7;i/x>$/-®3K9l 
(D S f 9 » ( Invitrogen Corp.i^) t:^ »y ^ > i^T*|iJ U^ 2x10 ''fla^lffl 
lia*iSS3 5mm07^>f ^yi/:x\,zm^ 3 O^jKtgbT^ffltCRR^^H^fe^. 
&«?imtfeT-feSEx-Ce 1 1 4 0 0 (^i^5N^^) 1 . 5 m 1 1335^1^1 bifeo 
1 2//14't3 TpbEDK 1 3j 4;t/l (2/zg) . ^^/^df-a D -i^^T ;b;^D N A ( 
BaculoGold. PharMingenl^) 2/zl (2 0ng) SM^Ufer^ti: U ^7 x 
S«M«i67X-r-2fg^feUfc^rtl 2^1<£?g^bl S^^-AJtgUfc^^ ^«2 4//1 

lM^#gi&«b;fe^s tgife^2. 5ml©TMN-FH{c:giib2 7°CT'4 HP^ 

^(DWl^tL^ ^ )\y7.^ TBEDK 1 3Mj t^'zi^'ytzo rinvitrogen corp.j 0) 

vitrogen corp. j <D'^-:i.7Mz'^':>X3^m^M^\yfz^ ^ ;^^MJ^3 0 
ml (^-r^5'-{i:*5J;-e5x 1 OVml) ^ntzo 
nm^XyX. rpEDKH2 2j ^fflV^m^xe^-f;!/;^ TbEDK 1 6j ^ft 

Sf9mmizmm^^^}\^:^ tbedKI 3Mj im,o.i.ti±^^ 

: mm^(Dit<Dzt) xmm^-^. i Bmmwz^m±.m^''' i -v 

E G F 1 6 5 (100,000cpm/ng. Amershaai^) <&200, OOOcp mWM U^ 1 0 

o/iioPBs-o.i %B s A4»T-^ia-e 1 . ^mf^w^^^tzo zomm^i 2 5 m 
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M i^-y-i'S/-;!/;^^!/— h(cIisuccinylsuberate)/^p<f-;i/;^;i/:^^^> K(diiiie 
ims\i\foxide)/FBSim^4MimmL^UX'4 O^P^gV^fe^. IM Tris- 
HCl(pHB.8)41/l O^^g^bfeo Z(D-^>r)UZ-D\,\'Ci^2^^)m. l^ilTclfe^ 

{ca;De/^:^;w^t^aibfc (^2) o 

->1) ®{C^UT. VEGFlx-fer^-T*S5FLT®$BlJ}a51«0^^ii-K-r 
5 D N A - h {i:?S!|pl ^ A b fci^^^ ^ ^ -B-ftfig t 

r>tz (ia2A> U->3) o 13 2 A6Dl/-> lii. m^MM^^UT TBEDKl 

^nu->l:i3J;t>'3®SiiBl::l OOf§©#<Si§8VEGFi6s {mm.) *^*Db 
feM^-e^fe-So I2Itt'^Wt*^xbfe2 5OKd0>'N->K{ix EDKO^l-^B-r 
Ay^^D^UV^thV^ >A>e)*S:1^U^7-f- h*0D2S#:i:VEGFi65®2ft 
<*:i:®ifcW^^^^0i^T'fe^o l2I2B©l/->l{i TBEDKl 3 Mj 
^•y-fem«±^>£MfflU b->2{iU-> lCD;Kji£;iCl 0 OfgCDl^^lSSVEG 

Fi65 {mm ^mmx^tc^Wi'^^^o 

VEGF.65 2 *#0^^S;i^4 2, OOO'e^'SOT'. ^t^J^^^MBtl®^ 
^S9 8, 0 0 0*»e)llb5l< ils 5 6, 0 0 OffeSo y ^i2^j3(pe)^^ 
^nS^^fi{i*>ct^5 6, OOOT-feD^ rBEDKlSM 
J Si«^^'^fc«(iEDK®mi-^3'f AyyDr';>;^Kp<-r 
7t^U-^r^K>fe^]ibTV>5C:i:*^fiil^^nfeo rBEDK13Mj 
tlS^';^7-5^ TEDK 1 3j ^ScJltfeo 

y^T.^ H TpbEDK 1 3j tC^P~->^bfeDNA®^Sia^iJ<&fli^-r 
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^tzl5bi,Zi/-^ytyy!/^n':>tz^m. TpbEDK 1 3j (DWXBNA(DKD 

Rmm^mm<Dm i 3 a y :/ u >ii h ^ ^ > tm^t ^vm(Di^mi 

^J{i7^;i/-X .I.^-v> (Bruce I.Terman) ^AJ^^L^KDRjtfe^©ga?(l ( 
VEGFl;J:5t hM0S3j5ifa^P«3Jg*ffllia (HUVE C) CDf- ^ i^>mt)3i5«^ 

^£^i^c^•rs^ ^edkisj ^M^m±miz^:bmm^m-<rcc huvec>& 
9 6;n:3^-^>3-hri/- h (^m^^m) izso o o<@/'>x;i//i o o 

/zl (EGM-UVtgm. ^^^Tt^i!?^) T-ji5[§, 3 5 %C02T- 2 4I^P^lg 
mhtcc ^^m^mX2mr^f^\^rzm.. 2 0ng/ml<DVEGF.65^5 0/zl 
i:-9->r;i/5 0/tzl*'i7x;b{z^j!raUT4 BP^i^^bfeo 5 0//Ci/2nmo 1 
e s/ml®='H-^^i^> (AmershamM) ^ 1 0;tzl't?x;i/{w»bTM{- 2 4 
l^^tg^bfeo PBSt?2IaIi5fe?^bfc^. h U rS/>/ED T AT-ilfla^lHJU 
(Caibridge Technology IncM) 'd^^T.y ^ 

mi^t^>^\y-i^B>i;]^>^-'xmm^{^^w\^\^tz m3) o Mmt\^x^ 
\^rzm^m (wt) ^ ^ )i:^muki^m±m^^>r)itLxmMLtzm^i>zit-<. 
TEDKisj mMmm±m^mmLtzm^i±. wittcvEGF^fe^i^o^^i^ 
>m*)ji,^ifimm^ntzo tedkisjj*. vegficj^shu 

vEC(D^^i^>m*) T^^cDi^Ms fip t. D N A^^^isM'^ Pig-r ^^i-tt^m^ 

tf'ttit'Dtzo 

KKBRmm^mm (EDK) <^)g|5^^M-^IgG-Fc^^®il!^^>/^i^W<^^tl 

mm> 

• KDRm^M^<?)^:0'^M-tIgG-Fcf^^®ili^iS^>y'?^^©*^iJ(^fST^ 
^31 
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* E D K g|5^»TM- & :3 - K f ^ D N A OlSii 
^izmtcr^:^^ K rpEDKH22j BNA^mmtLXl^Xr(D^i^llFCR 

y :/ U >^ h* ^ > - K -r S D N a»tM- b;fco 

10^1 LA-PCR buffer (^^iitM) 1)9 e'C. 2^^ 1 ^-f ^JV 

0.25 mM dNTPs 2)9 5 "Cx 1^. SO'C. 

200 nMr^^T-l 7 2 -a l^^SQ'^-f^Jl 

ZOO Tin -7 -4 3)7 2'a 1 O^^IV-^ 

1 /zg EDKH22 

1.0 U LA-Taq polymerase 

-7-4: 5 \TTTGTCACMGATTTGGGCTCCGGACTCAGAACCACATCATA -3' (ia^!j#^8 

) 

r^-C^-4(0^f^mt\i h I gG 1 -Fc^iib:>i^(DN*Mij5r^y^^ 
u-KrSie^J (fcfc*tT>^-fe>xm) {imu Tl^gB{iEDK©^2l' A 

MA E D K®^ 1 ~ii3>f Ay^py;>^ih*^'r>D n A®Ji«gs/i& . 

Klit^mmft ( 1 0 0 1 i^t) : P CRCDSJI&^f^ 

iO//l LA-PCR buffer 1)9 6 -C. 2^S 1 V-^ 

0.25 mM dNTPs 2)9 5 'a 1^. 6 1^ 

200 nM r^>i'-x'-l 7 2''C. l^^SO'^-f 

200 nM ^-5 3)7 2''C. lO^^l-^^ ^J]^ 
1 ug EDKH22 
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1.0 U LA-Taq polymerase (Sriili^) 

r 7 ^ : .5^ TTTGTCAmGATTTGGGCTCAGATTCCATGCC^ (i2^J#^9 
) 

r7>f v-ScDiSMttt: h I gG l-Fc^i^h>i;©N*5gifliJ5 7'^y^>fe3 
DT'U > (3 1 3{]i~3 1 9<4) a Kpi-T >^=3-K-rSia^J (fe^Ur>5^-b 

mmhnm<Dl5mt:^n^i\,(D P C RSJ^r^^tA^ e)EDK(Dmi~m2'l'Ay^ 
P HX ^ >^rj~ H-rS0.6Kbp(3DmiiD N A»rM-iJ J:tJf^ 1 -^3 ^ A 
y U h* X ^ > ^13- K -r 5 0. gKbpCDm^D N Aif>T-f§T> ^ti^n 2 
0>tilTE(10 mM Tris-HCl, pH7.5, 1 mM EDTA-2Na)A*y 7 7'-(C^I?b;feo 
* t MgGl-Fc^Ji&ii~K-rSDNA»fM-<3D|l|l^ 
t y^;*-^'^:^ h-vlMQ^* (;^B*M^(ft)) ^RPMI 1 64 Oig 
(GIBCO BRLM) T'l§#L;feo 4X1 0 'om^tj^^ c D N A^rt^BuMillBl^ 
iCbTl 2mP§©PCR{zJ;-3Tt MgGl-Fc DNA»f 

^5 t hIgGl-Fc DNA®ii*aSil&. 

Mii&rMfiJo ( 1 0 0 /z 1 4^) : P C RO^K/l&^f^^ 

10//1 LA-PCR buffer (Sriigii) 1)9 4*0. 2^^1^-(^)\^ 

0.25 mM dNTPs 2)9 4 "C, 1^. GO-C, 1^ 

200 nM T-^-r ^-6 7 2'C. 1^^ 2 0 t^'f 

200 nM T-^-r-^-? 3)7 2'C. lO^^l'^-f^JV 
1/LLl IM9 cDNA 
1.0 U LA-Taq polymerase (^Mii^) 
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r^'fx'-e: 5' -TCTTGTGACAAAACTCACACATGC-3' (iB?iJ#-t 1 0 ) 
7 : 5' -CGGAGACAGGGAGAGGCTCTTCTG-3' (K^JS^ 1 1 ) 
±HBCD P C RSJi&tttC >f -T-Si: 7-5 ^ ^-9^200 nMtc^ S J: 9 t^^^jOn t 
. ^5© (2) a)|lf«^T-l 5i^-^^;K (3) ©Ifef^T? 1 "tl-W' ^^;i/Sji&*fTofe 

o 

^-8 : 5' -GAGCCCAAATCTTGAGACAAA-3' (E^iJ#^ 1 2 ) 
7*5 -7-9 : 5' -TTCTTCTAG ATTAGTGGTGGTGGTGGTGGTGTTTAC CCGGAGACAGGGA-3' (IS 
J«J#^ 13) 

r^-r^-Stit h I gG 1 -F c<DN*$g7'^y^5£=i-h'-r5iH?'Ji:Mii&U 

7-5 ^ T-9<D}^mmmmmmxh a i ^la^iriB^j^ 2 mrum± s h y 

■r50.7Kbp^DMMDNA^9Tm#■C^ ^n^n2 0 // 1 T E(10 mM Tris-HCl, pH7 

.5, 1 mM EDTA-2Na)A*«y 7T-lC?§l?L;feo 

* EDKgP^»r>t^t: h I gG 1 -F c®j|li^^>>''?^M&=i-K1-2>DNA© 

MMCD^tC bTfffc EDK(Dmi--m2^ Ay ^uyvymi"^^ > (EDK12) 
DNAtfe(iEDK©mi-'^3-l'A7^D7'U>ah'P<'l'> (EDK13) DNAi: 
thIgGl-Fc (hIgGl-Fc) DNA<^J.:iT©PCRlwJ;oTi!!^bfco 
^6 EDK12 DNAilt M gG 1-Fc DNA(3Di!l^Mji& 
Sii&ygm^ife (1 0 0 A 1 4") : P C ROSiiS^i^ 

lOAil LA-PCR buffer (^Sig^) 1)9 S^C. 2^i& Ht-f 

0.25 mM dNTPs 2)9 5°Cs 1^> IS^T'SO'C 
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200 nM r^'T v-1 
200 nM T-9 
2/LLl EDK12 DNA 
2/bLl hIgGl-Fc DNA 
1.0 U LA-Taq polymerase 



3) 9 4U 1^. 6 1^ 

4) 7 1 



mj. EDK13 DNAiib M gG 1 -F c DNA®il!^S*& 



SJi&MMfife (10 0/zlttJ) : 

10/zl LA-PCR buffer (S?@jiSl) 

0.25 mM dNTPs 

200 nM T-1 

200 nM r^-f v-9 

2/il EDK13 DNA 

2ul hIg61-Fc DNA 

1.0 U LA-Taq polymerase (SSiiiM) 



1) 9 5-0. 2^^1-9- >r^;w 

2) 9 S-C. 1^. 1 5^T-5 O'C 

3) 9 4°C. 6 0U 1^ 
7 2'C. 1^S3 0'9->r 

4) 7 1 O^^lit-r^;!/ 



HuM^l^^tC UT^n^noP CR^Sii&fSjtP^l.a Kbp®MMEDK12/hIgGl-Fc 
ill^D N A ill .6Kbp®)|iMEDK12/hIgGl-Fci!|^D N A ^ff feo 

m7^tmm^\^x±$^(D^ti^ti(DBNAmh'(Dmii^^mmmMY:coui^xm\i 

— pBMOO 5 0 (S. Maeda, Gene transfer vectors of a baculovirus 
, Bombyx mori, and their use for expression of foreign genes in insect c 
ells.. Invertebrate cell system applications, p. 167, Vol. I, Ed. By J. 
Mitsuhashi, CRC Press, 1989) -s#Ab> ^MfKDmmmmty^yf.^ 

ni^^^ )\^7.(Di^7.7'^ yrviy^T-^^^k^^Wr^^^cp )\^7. (T. s 

uzuki et al., Journal of General Virology, 78, p. 3073, 1997s ^#^¥7- 
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3 0 3 4 8 8) BNA^ti^nmm^mmmBoMo 1 5 All c,W (J. Kobay 
ashi, et al., Cytotechnology 8, p. 103, 1992) ';^7x^f->ij£^ (Gibe 
oBRLM) ^fflVxTs ■^~JLT;UJCtJ^VMi h5>;^7x^^>3><£ffofco 

mzmm^mz^^ntziyy^)l^tl-y<Dmm±m^vEGTl2^ (s. ko 

ndo et al., BBA., 1243, p. 195, 1995) ^n- h bfe^ AD > 2;^ h 'J 7* ( 
Pl/i^>^ffl^^T^^b. •i7it:^®25i^cri:(c3|ll^i^bJn;jfiiri^f#feo 

(J. Sambrook, E.F. Fritsch and T. Maniatis, "Molecular Cloning: A 
laboratory manual (2nd edition)", ed. by N. Ford et al., p.l8.1-p.l8.75 
, Cold Spring Harbor Laboratory Press, New York (1989)) BWi(D:^^iZ"lft^^ 

sDs--!r^^)T^^)jirK\'^)vmm^m (sds-page) u 2oo^#jg^L;fetfi 
mizmgG-nm^i^(Dm.mto-()i7.(Dm^\±^fmm5 5s ooo. edkisa 
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ii5A*> K3t>«Be>tlfe (114 As 4B) o c:tl6®^m3t)^e)«tA>tcEDKgB^»T/t 
(D^MifiMm^ntzo ^feEDK12/hIgG-Fcil!-&^ J:OTK13/hIgG-Fcil! 
^^>y^^M^VK 1 2H. VK 1 3Hi::g":5ttfco 
* *^iimt*»^©VK 1 2H^»J:t;fVK 1 3H®)iiSi 

1 5 0 0 0 rpmTl O^^it^U ±ri^J}<T-b-^ XO . 4 5 ;tzm®7 ^ 
§iib^v§i^>^I^VNfeo h^y^^^rt^^iJPU i||jiit20 mM Tris-HCl 

(pH8.0), 150 mM KCl, 0.1% NP-40, 1 mM imidasol-HCl (pH8.0)CD^MfC bfeo 
Cl0^r«*Hi-Trap Chelating/Cu" (7T;uvi>'7'M) tCD-Kb^ |5j/\-^y7r- 
T-l5fe#b. S{340 mM imidazol-HCl (pH8.O)0|^I/N->y 7 7— T'^5fe?^bfco ^CO. 
3 M imidazol-HCl (pHB.O), 0.5 M KCl^r^T-^tBbfeo SDS-PAGE^frl/^lHliKbfc 

(115) o 

*Jli^VK 1 2H*5j:tjfVK 1 3 V E G F|g^tg(>Dfii^ 

1 0 O/zl®100 ngVEGFi2i/ml PBS (:fe^ t) 7 T-) AP> 

2;^ h '3/7'®'i7x;i/{c^iipb4°CT— ^mv^feo ^:^)ip^0m^i^X3 0 0 m 
lcDl%BSA i^skmT)\y-:ri» /PBS§«U ^iST- 2 B#P^yo 
>^bfco i^t3lOO//l®#»?bfe)liMVKl 2HiJj:r;fVKl 3H^?S&^ 
^iPb^rST' 0. 1 %B SA/PB ST-'i;x;i/<&6|l]iJE^bfco 
0. 1%BSA/PBST-1 OOOfi&(c:#|Rbfel 0 0 u 1<DF OBmmtfiii h 

I gGW,i!^ (MBLm) ^mmi^imm^ux-m^. o. i%BSA/PBs-r- 

•^x^l/^SIfiliJfc^b/ro 1 0 O /zKDlO mM|^^:hh 'J«^A(pH5.2)> 0.15X ji® 

fbTk^s i^/2 0ml®oPD (:t;i/h7x-u>s;T^>) ^ (in^feilifill) 

b 3 0 ^MfeSii&^frV^x 1 0 0 // 1 0 2 Nii^S^ija bTMit^^^Jh b 
s 4 9 2 nm0i!S3feJg[^«iJ^bfc (^6) o ^<Dl^m. VE G F3- h ru- h 
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^•^5//g/mlbMgGl (BioPur AGM. #10-3 1-1212. J^-T;^) ^mML 

oTC^fittRaS^tlfco dtl^^dttt, VK 1 2Hi5<fct5VK 1 3H{iVE 

©^1-^2 hV>r >i:h h I gG l-Fc®i[!^^>7^i^M*J<ttJfKDRai}S 
^^^CD^ 1-^3 hV^ >i:h h I gG 1 - F cCDlili^^>M-^M{±VEGF 

:*;^B^fD;}? U K{ix V E G Ff»M{c J; SifUmff^^Pfl^T 5 CI iijb^-e § 

X ^^(DTf^V^y^}^ (R.L.Kendal and K.A. Thomas, Proc. Natl. , Acad. Sci.,U.S 
.A., 90:10705(1993)) «}: D^^ad^/jN^ V^®X^ m^x.DN AiZ^^^Mi^m^ 
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( 1 ) mmxR^ : M?^^mm^^n 

( 2 ) mm^^ : V E G F^^i4;}< "J ^rf- K 

( 3 ) :T1-807PCT 

(4) mili#^: 

(5) miiSB: 

(6) M^ji®*)hh*co;femiSil<&b;t:a:gi>J;l>-mM#-t : B:^m. <^m¥9 
-19 7 0 6^ 

(7) M^H : ¥fi5o9^1^ 1 7B 

( 8 ) Mmcom : 1 3 

E^JS-^ : 1 
iB^J®^^ : 2 2 9 5 

iB^jcD^ : mm. 

M^'iomm : cDNA 
^^^^ : b h 

mm<D!^m 

^WL^mtm^ : CDS 
#4£(5j[t : 1 . . 1 0 1 4 

nm^'^^Ltz:^m : E 

^iJt^^flB^ : CDS 
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^^^m : 1 0 1 5 . . 2 2 9 5 

ifti5[^^-ri3^ : sig peptide 
^^iiLW : 1 . . 5 7 
n^WL^^^Ltz:^^ : S 

f^m^^-rm^ : mat peptide 
: 5 8 . . 2 2 9 2 

<^m^^^%^rc:^m s 

ATG GAG AGC AAG GTG CTG CTG GCC GTC GCC CTG TGG CTC TGC GTG GAG 48 
Met Glu.Ser Lys Val Leu Leu Ala Val Ala Leu Trp Leu Cys Val Glu 

-15 -10 -5 

ACC CGG GCC GCC TCT GTG GGT TTG CCT AGT GTT TCT CTT GAT CTG CCC 96 
Thr Arg Ala Ala Ser Val Gly Leu Pro Ser Val Ser Leu Asp Leu Pro 

1 5 . 10 

AGG CTC AGC ATA CAA AAA GAC ATA CTT ACA ATT AAG GCT AAT ACA ACT 144 
Arg Leu Ser He Gin Lys Asp He Leu Thr He Lys Ala Asn Thr Thr 

15 20 25 

CTT CAA ATT ACT TGC AGG GGA CAG AGG GAC TTG GAC TGG CTT TGG CCC 192 
Leu Gin He Thr Cys Arg Gly Gin Arg Asp Leu Asp Trp Leu Trp Pro 
30 35 40 45 

AAT AAT CAG AGT GGC AGT GAG CAA AGG GTG GAG GTG ACT GAG TGC AGC 240 
Asn Asn Gin Ser Gly Ser Glu Gin Arg Val Glu Val Thr Glu Cys Ser 
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GAT GGC 
Asp Gly 

GAC ACT 
Asp Thp 

GTC ATT 
Val He 
95 

Gn AGT 
Val Ser 
110 

ACT GTG 
Thr Val 

CTT TGT 
Leu Cys 

ATT TCC 
He Ser 



50 

CTC TTC TGT 
Leu Phe Cys 
65 

GGA GCC TAC 
Gly Ala Tyr 
80 

TAT GTC TAT 

Tyr Val Tyr 

GAC CAA CAT 
Asp Gin His 

GTG ATT CCA 
Val He Pro 
130 

GCA AGA TAC 
Ala Arg Tyr 
145 

TGG GAC AGC 
Trp Asp Ser 
160 

GCT GGC ATG 
Ala Gly Met 



AGC TAT 
Ser Tyr 
175 

TAC CA6 TCT ATT ATG 



AAG ACA 
Lys Thr 

AAG TGC 
Lys Cys 

GTT CAA 
Val Gin 
100 
GGA GTC 
Gly Val 
115 

TGT CTC 
Cys Leu 

CCA GAA 
Pro 61u 

AAG AAG 

Lys Lys 

GTC TTC 
Val Phe 
180 
TAC ATA 



CTC ACA 
Leu Thr 
70 

TTC TAC 
Phe Tyr 
85 

GAT TAC 
Asp Tyr 

GTG TAC 
Val Tyr 

GGG TCC 
Gly Ser 

AAG AGA 
Lys Arg 
150 
GGC TTT 
Gly Phe 
165 

TGT GAA 
Cys Glu 



55 

ATT CCA AAA 
He Pro Lys 

CGG GAA ACT 
Arg Glu Thr 

AGA TCT CCA 
Arg Ser Pro 
105 

ATT ACT GAG 
He Thr Glu 
120 

ATT TCA AAT 
He Ser Asn 
135 

TTT GTT CCT 
Phe Val Pro 

ACT ATT CCC 
Thr He Pro 



60 

GTG ATC GGA AAT 288 
Val He Gly Asn 
75 

GAC TTG GCC TCG 336 
Asp Leu Ala Ser 
90 

TTT ATT GCT TCT 384 
Phe He Ala Ser 



AAC AAA 
Asn Lys 

CTC AAC 
Leu Asn 

GAT GGT 
Asp Gly 
155 
AGC TAC 
Ser Tyr 
170 

AAT GAT 
Asn Asp 



AAC AAA 432 
Asn Lys 
125 

GTG TCA 480 
Val Ser 
140 

AAC AGA 528 
Asn Arg 

ATG ATC 576 

Met He 



GAA AGT 624 
Glu Ser 



GCA AAA ATT 
Ala Lys He 
185 

GTT GTC GTT GTA GGG TAT AGG ATT TAT 672 
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Tyr Gin Ser lie Met Tyr lie Val Val 
190 195 
GAT GTG GTT CTG AGT CC6 TCT CAT GGA 
Asp Val Val Leu Ser Pro Ser His Gly 
210 

AAG CTT GTC TTA AAT TGT ACA 6CA AGA 
Lys Leu Val Leu Asn Cys Thr Ala Arg 
225 230 
GAC TTC AAC TGG GAA TAG CCT TCT TCG 
Asp Phe Asn Trp Glu Tyr Pro Ser Ser 

240 245 
GTA AAC CGA GAC CTA AAA ACC CAG TCT 
Val Asn Arg Asp Leu Lys Thr Gin Ser 

255 260 
TTG AGC ACC TTA ACT ATA GAT 6GT GTA 
Leu Ser Thr Leu Thr He Asp Gly Val 
270 275 
TAC ACC TGT GCA GCA TCC AGT 6GG CTG 
Tyr Thr Cys Ala Ala Ser Ser Gly Leu 
290 

TTT GTC AGG GTC CAT GAA AAA CCT TTT 
Phe Val Arg Val His Glu Lys Pro Phe 
305 310 
GAA TCT CTG GTG GAA GCC ACG GTG GGG 
Glu Ser Leu Val Glu Ala Thr Val Gly 
320 325 



Val Val Gly Tyr Arg He Tyr 
200 205 
ATT GAA CTA TCT GTT GGA GAA 720 
He Glu Leu Ser Val Gly Glu 
215 220 
ACT GAA CTA AAT GTG GGG ATT 768 
Thr Glu Leu Asn Val Gly He 
235 

AAG CAT CAG CAT AAG AAA CTT 816 
Lys His Gin His Lys Lys Leu 
250 

GGG AGT GAG ATG AAG AAA TTT 864 
Gly Ser Glu Met Lys Lys Phe 
265 

ACC CGG AGT GAC CAA GGA TTG 912 
Thr Arg Ser Asp Gin Gly Leu 
280 285 
ATG ACC AAG AAG AAC AGC ACA 960 
Met Thr Lys Lys Asn Ser Thr 
295 300 
GTT GCT TTT GGA AGT GGC ATG 1008 
Val Ala Phe Gly Ser Gly Met 
315 

GAG CGT GTC AGA ATC CCT GCG 1056 
Glu Arg Val Arg He Pro Ala 
330 
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AAG TAG CTT GGT TAG CCA CGC CGA GAA ATA AAA TGG TAT AAA AAT GGA 1104 
Lys Tyr Leu Gly Tyr Pro Pro Pro Glu He Lys Trp Tyr Lys Asn Gly 

335 340 345 

ATA CCG CTT GAG TCC AAT CAC ACA ATT AAA GCG GGG CAT GTA CTG ACG 1152 
He Pro Leu Glu Ser Asn His Thr He Lys Ala Gly His Val Leu Thr 
350 355 360 365 

ATT ATG GAA GTG AGT GAA AGA GAG ACA GGA AAT TAG ACT GTC ATG CTT 1200 
He Met Glu Val Ser Glu Arg Asp Thr Gly Asn Tyr Thr Val He Leu 

370 375 380 

ACG AAT CCG ATT TGA AAG GAG AAG GAG AGC CAT GTG GTC TCT GTG GTT 1248 
Thr Asn Pro He Ser Lys Glu Lys Gin Ser His Val Val Ser Leu Val 

385 390 395 

GTG TAT GTG CCA CGC GAG ATT GGT GAG AAA TCT GTA ATG TCT GGT GTG 1296 
Val Tyr Val Pro Pro Gin He Gly Glu Lys Ser Leu He Ser Pro Val 

400 405 410 

GAT TCC TAG GAG TAG GGC AGC ACT GAA ACG CTG AGA TGT ACG GTG TAT 1344 
Asp Ser Tyr Gin Tyr Gly Thr Thr Gin Thr Leu Thr Cys Thr Val Tyr 

415 420 . 425 

GGC ATT CCT CCG CCG CAT GAG ATC GAG TGG TAT TGG GAG TTG GAG GAA 1392 
Ala He Pro Pro Pro His His He His Trp Tyr Trp Gin Leu Glu Glu 
430 435 440 445 

GAG TGG GCG AAG GAG GGC AGC CAA GGT GTG TGA GTG ACA AAG CCA TAG 1440 
Glu Cys Ala Asn Glu Pro Ser Gin Ala Val Ser Val Thr Ash Pro Tyr 

450 455 460 

CCT TGT GAA GAA TGG AGA AGT GTG GAG GAG TTG GAG GGA GGA AAT AAA 1488 
Pro Cys Glu Glu Trp Arg Ser Val Glu Asp Phe Gin Gly Gly Asn Lys 
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465 470 475 

ATT GAA GTT AAT AAA AAT CAA TTT GCT CTA ATT GAA GGA AAA AAC AAA 1536 

He Glu Val Asn Lys Asn Gin Phe Ala Leu He Glu Gly Lys Asn Lys 

480 485 490 

ACT GTA AGT ACC CTT GTT ATC CAA GCG GCA AAT GTG TCA GCT TTG TAC 1584 

Thr Val Ser Thr Leu Val He Gin Ala Ala Asn Val Ser Ala Leu Tyr 

495 500 505 

AAA TGT GAA GCG 6TC AAC AAA GTC 6G6 A6A GGA GAG AG6 GTG ATC TCC 1632 

Lys Cys Glu Ala Val Asn Lys Val Gly Arg Gly Glu Arg Val He Ser 
510 515 520 525 

TTC CAC GTG ACC A6G 6GT CCT GAA ATT ACT TTG CAA CCT GAC ATG CAG 1680 

Phe His Val Thr Arg Gly Pro Glu He Thr Leu Gin Pro Asp Met Gin 

530 535 540 

CCC ACT GAG CAG GAG AGC GTG TCT TTG TGG TGC ACT GCA GAC AGA TCT 1728 

Pro Thr Glu Gin Glu Ser Val Ser Leu Trp Cys Thr Ala Asp Arg Ser 

545 550 555 

ACG TTT GAG AAC CTC ACA TGG TAC AAG CTT GGC CCA CAG CCT CTG CCA 1776 

Thr Phe Glu Asn Leu Thr Trp Tyr Lys Leu Gly Pro Gin Pro Leu Pro 

560 565 570 

ATC CAT GTG GGA GAG TTG CCC ACA CCT GTT TGC AAG AAC TTG GAT ACT 1824 

He His Val Gly Glu Leu Pro Thr Pro Val Cys Lys Asn Leu Asp Thr 

575 580 585 

CTT TGG AAA TTG AAT GCC ACC ATG TTC TCT AAT AGC ACA AAT GAC ATT 1872 

Leu. Trp Lys Leu Asn Ala Thr Met Phe Ser Asn Ser Thr Asn Asp He 
590 595 600 605 

TTG ATC ATG GAG CTT AAG AAT GCA TCC TTG CAG GAC CAA GGA GAC TAT 1920 
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Leu He 

GTC TGC 
Val Cys 

AGG CAG 
Arg Gin 

CTG GAG 
Leu Glu 
655 
ACG GCA 
Thr Ala 
670 

GAG ACC 
Glu Thr 

AAC CTC 
Asn Leu 

TGC CAG 
Cys Gin 

ATA ATA 
He He 
740 



Met Glu Leu 
610 

CTT GCT CAA 
Leu Ala Gin 

625 
CTC ACA GTC 
Leu Thr Val 
640 

AAT CAG ACG 
Asn Gin Thr 

TCt GGG AAT 
Ser 61y Asn 

CTT GTA GAA 
Leu Val Glu 
695 

ACT ATC CGC 
Thr He Arg 

710 
GCA TGC AGT 
Ala Cys Ser 
725 

GAA GGT GCC 
Glu Gly Ala 



Lys Asn Ala Ser Leu Gin Asp Gin Gly 
615 

AAG AAA 
Lys Lys 



GAC AGG 
Asp Arg 



CTA GAG 
Leu Glu 

ACA AGT 
Thr Ser 
660 
CCC CCT 
Pro Pro 
675 

GAC TCA 
Asp Ser 



AAG ACC 
Lys Thr 
630 
CGT GTG 
Arg Val 
645 

ATT GGG 
He Gly 

CCA CAG 
Pro Gin 

GGC ATT 
Gly He 



AGA GTG AGG AAG 
Arg Val Arg Lys 
715 

GTT CTT GGC TGT 
Val Leu Gly Cys 
730 

CAG GAA AAG ACG 
Gin Glu Lys Thr 
745 



GCA CCC 
Ala Pro 

GAA AGC 
Glu Ser 

ATC ATG 
He Met 
680 
GTA TTG 
Val Leu 
700 

GAG GAC 
Glu Asp 

GCA AAA 
Ala Lys 

AAC TTG 
Asn Leu 



AGA CAT TGC 
Arg His Cys 
635 

ACG ATC ACA 
Thr He Thr 

650 
ATC GAA GTC 
He Glu Val 
665 

TGG TTT AAA 
Trp Phe Lys 

AAG GAT GGG 
Lys Asp Gly 

GAA GGC CTC 
Glu Gly Leu 
720 

GTG GAG GCA 
Val Glu Ala 

735 
GAA m 
Glu Stop 
750 



Asp Tyr 
620 

GTG GTC 
Val Val 

GGA AAC 
Gly Asn 

TCA TGC 
Ser Cys 

GAT AAT 
Asp Asn 
690 
AAC CGG 
Asn Arg 
705 

TAC ACC 
Tyr Thr 

TTT TTC 
Phe Phe 



1968 



2016 



2064 



2112 



2160 



2208 



2256 



2295 
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imm^ : 2 
mmcDM:^ : 2 1 
mmcom -.mm 

mn 

ATGGAGAGCA AG6TGCTGCT G 21 

mm^^ : 3 

mmoMi^ : 2 1 
gg^j<D^ : mm 

mm(Dmm:i^(omm (^^dna) 

ACGCTCTAGG ACTGTGAGCT G 21 

mm^ : 4 

im(DM-^ : 2 1 

mom : 
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AGATTCCATG CCACTTCCAA A 21 



iB^J#-^ : 5 . 

mno^^ : 4 5 
mn(Dm : mm 

nm<Dmm:m<Dmm (^^dna) 

TTCTCGGATC CTATAAATAT GGAGAGCAAG GTGCTGCTGG CCGTC 45 

m^m^ : 6 

Un<D3.^ : 5 3 

iB^j0S : mm 

mn(omm:ik(Dmm (^^^dna) 

TTCTCGAATT CTTAGTGGTG GTGGTGGTGG TGACGCTCTA GGACTGTGAG CTG 53 

iB^J#^ : 7 
Mm<DM.^ : 5 0 

MmcDm : mm 
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mm 

TTCTCGAATT CTTAGTGGTG GTGGTGGTGG TGAGATTCCA TGCCACTTCC 

mnm^ : s 

mi(DM.^ : 4 2 

mmcom : mm 

^^icDum : m(Dmm (^^Icd n a) 
mm 

THGTCACAA GATTTG6GCT CCGGACTCAG AACCACATCA TA 

mnm^ : 9 

EinoM.^ : 4 2 

mmcDm mm 

m9i}(Dmm inkcomm (^^dna) 

THGTCACAA GATTTGGGCT CAGATTCCAT 6CCACTTCCA AA 

ie?!l#^ : 1 0 
iB^a®:!^ : 2 4 

mmcom : mm 
mom : 
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m^i<Dmm : mcDmm (^^dna) 
mm 

TCTTGTGACA AAACTCACAC ATGC 24 
Mm^^ : 1 1 

mm(o^-^ : 2 4 

mnom : mm 

m^mmm. : m<DmM c^^ifeD n a ) 

CGGAGACAGG GAGAGGCTCT TCTG 24 

E^J#^ : 1 2 
iB^JcD;^^ : 2 1 

tmWL : 

6A6CCCAAAT CTTGAGACAA A 21 



ga^J#-^ : 1 3 
mW^-^ : 4 9 

: 
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TTCTTCTAGA TTAGTG6T6G TGGTGGTGGT GTTTACCCGG AGACAGGGA 
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6 >r A y r i; K ^ ^ > ^^^^ ;5 ;p ^ y ^gg^,j^,j^^^ ^ ^ ^ 

o 

3. st^^l^fett2HB«ecD7t<'J^r^ h*^:3-K-r5DNAo 
5. ^*li4l3a®'><^^-^^^-rs?i5M^^#:o 
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12 3 4 




6 2 Kd 



^250 Kd] 



■i"--2 



2 0 0 Kd- 
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4/6 



1214 



A 



mm 

0.25 

0.5 



01 o.oi 

0.025 
0.05 I 



94Kd 
67Kd 

43Kd 



B 



mrr >fi:(M.i) 

0.1 



0,25 

0.5 



0.01 



0.025 
0.05 I 



94Kd- 
67Kd- 
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SPECIFICATION 



VEGF-Binding Polypeptides 

Technical Field 

The present invention relates to polypeptides which are useful 
as neovascularization inhibitors, and a method of producing them. 

Background Art 

It is known that certain diseases accompany pathological 
neovascularization closely related to their symptoms or causes . Solid 
tumors are representative of such diseases. For the growth of tumor 
tissue beyond the diameter of 1 to 2 mm, newly formed blood vessels 
need to extend from the existing blood vessels to reach the tumor 
tissue. When the blood vessel reaches the tumor tissue, its growth 
is explosively accelerated (J. Folkman, J. Natl. Cancer Inst., 82:4 
(1990) ) . On the other hand, diabetic retinopathy is accompanied with 
pathological neovascularization of the retina, which may lead to the 
loss of eyesight. Moreover, pathological neovascularization is also 
seen in such diseases as chronic rheumatoid arthritis, psoriasis, 
hemangioma, scleroderma, and neovascular glaucomas, and it is 
considered to be one of the main symptoms (J. Folkman and N. Engle, 
J. Med., 320:1211 (1989)). Therefore, it may be possible to use 
substances that inhibit neovascularization for the treatment of tumors 
and other diseases mentioned above. 

Vascular endothelial cells are the cells that constitute the 
innermost layer of the blood vessel. Neovascularization occurs when 
vascular endothelial cells proliferate upon stimulation by growth 
factors, physiologically active substances, or mechanical damages. 

Known growth factors that can directly or indirectly stimulate 
the proliferation of vascular endothelial cells include basic 
fibroblast growth factor (bFGF) , acidic fibroblast growth factor 
(aFGF) , vascular endothelial cell growth factor (VEGF) , 
platelet-derived endothelial cell growth factor (PD-ECGF), tumor 
necrosis factor- a (TNF-a), platelet-derived growth factor (PDGF) , 
epidermal growth factor (EGF) , transforming growth factor- a (TGF- 
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oc) , and hepatocyte growth factor (HGF) (L. Diaz-Flores et al . , Histol. 
Histopath., 9:807 (1994)). Among these factors, vascular endothelial 
cell growth factor (VEGF) can be distinguished from the other growth 
factors by the fact that its action is very specific to vascular 
endothelial cells. In other words, the VEGF receptor is found in very 
few cells other than vascular endothelial cells. 

VEGF is a glycoprotein whose molecular weight is 40, 000 - 45, 000, 
and exists as a dimer (P. W. Leung et al.. Science, 246:1306 (1989), 
P. J. Kecketal., Science, 246: 1319 (1989)). VEGF acts, by binding 
to the VEGF receptor, to promote cell proliferation and enhance membrane 
permeability. 

The following reports suggest the involvement of VEGF in tumor. 

Many tumor cells secrete VEGF (S. Kondoetal., Biochem. Biophys, 
Res.Commun., 194:1234 (1993)). When tumor tissue sections are stained 
with an anti-VEGF antibody, the tumor tissue is strongly stained as 
well as the newly formed blood vessels surrounding it (H. F. Dvorak 
et al., J. Exp. Med. 174:1275 (1991) , L. F. Brown et al.. Cancer Res., 
53:4727 (1993) ) . Growth of a transplanted tumor is suppressed in the 
mouse in which one of the VEGF receptors genetically inactivated (B. 
Millauer et al., Nature, 367:576 (1994)). Anti-VEGF neutralizing 
antibodies exhibit anti-tumor activities in the tumor-bearing mice 
(K. J. Kim et al.. Nature, 362:841 (1993), S. Kondo et al., Biochem.- 
Biophys. Res. Commun., 194:1234 (1993)). 

From these facts, it is considered that VEGF secreted by tumor 
cells play a major role in neoplastic neovascularization. 

In humans there are two known VEGF receptors, FLT (M. Shibuya 
et al.. Oncogene, 5:519 (1990), C. DeVries et al.. Science, 255:989 
(1992)) and KDR (B. I. Terman et al., Biochem. Biophys. Res. Commun., 
187:1579 (1992)). The extracellular domain of FLT and KDR has the 
structure constituted by seven immunoglobulin-like domains as shown 
in Figure 1. Regarding FLT, a cDNA of a soluble-type receptor has 
been cloned (R. L. Kendal and K. A. Thomas, Proc. Natl. Acad. Sci. 
U.S.A., 90:10705 (1993)). The polypeptide encoded by this cDNA 
corresponds to the first through sixth immunoglobulin-like domains 
of the FLT extracellular domain, and it inhibited the VEGF activities 
by binding to VEGF with an affinity comparable to that of the full-length 
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FLT. Regarding KDR, it is also known that the genetically engineered 
first through sixth irmnunoglobulin-like domains of the extracellular 
domain bind to VEGF (R. L. Kendal etal. , Biochem, Biophys. Res. Commun, , 
201:326 (1994)). 

As described above, since the mouse anti-VEGF neutralizing 
antibodies exhibit antitumor activity, they are expected to be useful 
as anti-cancer agents . However, when a mouse antibody is administered 
to humans , human antibodies against the mouse antibody may be produced, 
which could lead to neutralization of the mouse antibody or might 
cause anaphylactic shock. In order to avoid these undesirable effects, 
it is necessary to modify the amino acid sequence of the mouse antibody 
to be closer to that of the human antibody through chimeralization 
(S. L, Morrison et al., Proc. Natl. Acad. Sci. U.S.A., 81:6851 (1989) ) 
or humanization without reducing the neutralizing activity of the 
mouse antibody. Since this method requires advanced techniques and 
knowledge, experience, and labor, the results depend on individual 
cases and are not always successful and 100 %-humanized antibodies 
cannot be obtained by these methods. Another method utilizes the 
transgenic mice that produce human antibodies for immunization (S. 
Wagner et al., Nucleic Acid Res., 22:1389 (1994)), but here again 
highly specialized techniques are required. 

As described above, since the extracellular domain of the VEGF 
receptor specifically binds to VEGF with high affinity, thereby 
inhibiting the VEGFactivity, it can be consideredusef ul as an inhibitor 
against neovascularization. Moreover, the possibility of antibody 
production in a human recipient is expected to be low because it is 
a polypeptide of human origin. On the other hand, when a polypeptide 
that does not naturally exist miuch in the human body is administered, 
it is metabolized very rapidly. For example, the plasma half-life 
of soluble CD4, which is a receptor for HIV, is 15 minutes (D. J. 
Capon. et al.. Nature, 337:525 (1989)), and that of interferon ris 
30 minutes (I. Rutenfranz and H. Kirchner, J. Interferon Res., 8:573 
(1988)). 

As a method for prolonging the plasma half-life, it is known 
to utilize a fusion polypeptide genetically engineered by combining 
the polypeptide of interest with a molecule having a long plasma 
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half-life, such as an antibody molecule. 

In the case of CD4, the plasma half-life was increased from 15 
min to 48 hr when it was chimerilized with the Fc domain of IgGl (D. 
J, Capon et al., Nature, 337:525 (1989)). Such a fusion polypeptide 
with the Fc domain of an antibody is also expected to provide an effect 
to induce the effector functions that the antibody possesses, i.e., 
complement-dependent cytotoxicity (D. B. Amosetal*, Transplantation, 
7:220 (1969)) and antibody-dependent cytotoxicity (A. Y. Liu et al., 
Proc. Natl. Acad. Sci. U. S. A., 84:3439 (1987)). Furthermore, it 
is expected to drastically improve the apparent affinity when the 
fusion polypeptide binds to a ligand on a solid phase, such as the 
surface of a membrane or the extracellular matrix, since the 
dimerization via the Fc domain enable each molecule to bind to the 
ligand at two sites. 

When a fusion polypeptide constructed with an antibody is 
utilized, it is desirable to select a polypeptide with a low molecular 
weight as a starting material because the molecular weight increases 
through the fusion. This is because, if a high molecular weight 
polypeptide is used, the molecular weight of the corresponding DNA 
is also high, which is to be handled by gene manipulation upon production 
of the recombinant host that produces the fusion polypeptide. In 
general, the larger the molecular weight of the DNA to be introduced, 
the less efficient the transfection of the host becomes, thereby 
reducing the productivity of the recombinant host. Also in general, 
the larger the molecular weight of the recombinant polypeptide to 
be produced, the smaller the amount of product tends to be. Moreover, 
for the treatment of solid tumors, large molecular weight polypeptides 
are disadvantageous in a poor infiltration capability into the diseased 
area (D. M. Lane et al., Br. J. Cancer, 70:521 (1994)). 

Disclosure of the Invention 

The present inventors have made earnest efforts in discovering 
small molecular weight polypeptides among those that can inhibit 
neovascularization by specifically inhibiting VEGF, and particularly 
those which are contained in the extracellular domain of the VEGF 
receptor. As a result, it has been found that polypeptides containing 
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immunoglobulin-like domain 1 and immunoglobulin-like domain 2 of the 
extracellular domain of KDR can inhibit the VEGF activity by 
specifically binding to VEGF with high affinity, thereby completing 
the present invention. The term ''polypeptides'' used herein means 
polypeptides constituted by amino acids that are covalently bound 
to each other via peptide bonds, and their lengths are not limited. 

Though the polypeptide consisting of immunoglobulin-like domain 
1 and immunoglobulin-like domain 2 of the extracellular domain of 
KDR is preferably used in the present invention because of its low 
molecular weight, those that contain other domains can also be used. 
For example, the polypeptides include the polypeptides containing 
immunoglobulin-like domains 1 through 3, those containing 
immunoglobulin-like domains 1 through 4, and those containing 
immunoglobulin-like domains 1 through 5. The polypeptides of the 
invention also include those containing immunoglobulin-like domains 
1 through 5 that are deficient in any one or two domains within 
immunoglobulin domains 3 through 5. The amino acid sequence of the 
polypeptides of the present invention may be modified partially by 
substitution or the like as long as the polypeptides can inhibit the 
VEGF activity by binding to VEGF. One skilled in the art could readily 
perform such modification of the amino acids by known methods. As 
a matter of course, the polypeptides such as those containing 
immunoglobulin-like domains 1 through 6 and those containing 
immunoglobulin-like domains 1 through 7 can bind to VEGF specifically 
with high affinity. However, their molecular weights are too high 
to achieve the object of the present invention that ''the polypeptide 
is easily expressed by recombinant DNA techniques and rapidly 
infiltrates into the diseased area." Although the borders 

between adjacent domains of KDR are not clearly determined, each domain 
is defined herein as the one that contains the amino acid sequence 
designated by the following amino acid residue numbers within the 
entire amino acid sequence of KDR represented by SEQ ID NO: 1, which 
has been already published. The amino acid residue numbers are the 
same as those shown in SEQ ID NO: 1. Namely, they correspond to the 
residue numbers counted from the amino-terminal "Ala" of the mature 
KDR, which is position 1 in the SEQ ID NO: 1. 
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. Immunoglobulin-like domain 1: 1-115 
Immunoglobulin-like domain 2: 116-214 
Immunoglobulin-like domain 3: 218-319 
Immunoglobulin-like domain 4: 319-392 
Immunoglobulin-like domain 5: 393-533 
Immunoglobulin-like domain 6: 534-645 
Immunoglobulin-like domain 7: 646-750 

Furthermore, the present invention includes the polypeptides 
constructedby fusing the above extracellular domain of KDR with another 
protein, (such as the Fc domain of immunoglobulins) • 

These peptides can be produced by the following procedures. A 
total RNA is extracted by the acid phenol method (P. Chomzynski and 
N. Sacchi, Anal. Biochem, , 162:156 (1987)) from the cultured human 
vascular endothelial cells, such as human umbilical chord-derived 
vascular endothelial cells (commercially available from Iwaki Glass, 
Morinaga Dairy Products, or Kurabo) , and purified into a poly A"*" RNA 
using an oligo dT cellulose. A single-stranded or double-stranded 
cDNAis synthesized using this RNA as a template, reverse transcriptase, 
and the oligo dT (12-16) primer. The poly A^ RNA and the cDNA can 
be prepared in accordance with J. Sambrook et al. , ''Molecular Cloning" 
(Cold Spring Harbor Laboratory Press, 1989) . Alternatively, the 
commercially available poly A"*" RNA preparation reagents (Oligotex-dTSO., 
Takara) or cDNA synthesis kit (Pharmacia Biosystem) .can be used. If 
a KDR cDNA has been already cloned from a cDNA library, the DNA 
corresponding to the region to be expressed can be isolated by digestion 
with appropriate restriction enzymes and introduced directly into 
an expression vector. 

Next, a desired part of the DNA can be amplified by PCR using 
the cDNA obtained above as the template (Michael A. Innis et al., 
''PCR protocols". Academic Press Inc., 1990). For instance, the 
following primers may be used. The primer DNA can be synthesized with 
a DNA synthesizer (Applied Biosystems, Japan Millipore Ltd., etc.) 
or custom-made (Sawadee Technology) . For example, in the case of 
obtaining a cDNA encoding immunoglobulin-like domains 1 through 6, 
the following primers can be used: 
upstream primer: 
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5' N(3-5) X(6) ATGGAGAGCAAGGTGCTGCTG (SEQ ID NO: 2) 
downstream primer: 

5' N(3-5) Y(6) ACGCTCTAGGACTGTGAGCTG (SEQ ID NO: 3) • 
In the case of obtaining a cDNA encoding immunoglobulin-like 
domains 1 through 3, the following primers can be used: 
upstream primer: 

5' N(3-5) X(6) ATGGAGAGCAAGGTGCTGCTG (SEQ ID NO: 2) 
downstream primer: 

5' N(3-5) Y(6) AGATTCCATGCCACTTCCAAA (SEQ ID. NO:. 4). 
In the above sequences^ N stands for A, C, G, or T; X or Y stands 
for a restriction enzyme recognition sequence; and the numeral in 
the parentheses indicates the number of nucleotides. Specifically, 
N(3-5) means that there are 3 to 5 nucleotides of A, C, G, and T, 
and X(6) or Y(6) indicates the recognition site for a 6-base cutter 
restriction enzyme . It is desirable to choose sequences that are found 
in neither the DNA fragment to be amplified nor the vector to which 
the fragment will be inserted as the restriction enzyme recognition 
sequences in the above. Referring to the nucleotide sequence shown 
in SEQ ID NO: 1, the downstream primers can be appropriately designed 
to amplify the DNA fragments encoding the desired' carboxy-termini . 
When inserted into an expression vector, it should be noted that the 
polypeptide-coding sequences must be placed under the control of the 
promoter sequence. Parts of the primer sequences which correspond 
to the fit DNA sequence do not need to be exactly limited to 21 bases, 
but could be about 17-25 bases. Although the condition for PGR can 
be a standard one as described in the ''PCR Protocols" above, the reaction 
may be optimized to achieve a better efficiency by appropriately 
changing various parameters (e.g., Mg^^ concentration, annealing 
temperature, extension time, the number of cycles, etc.), since the 
reaction proceeds differently depending on the template quantity and 
the primer sequences. As the DNA polymerase used for PGR, Pfu 
polymerase. (Stratagene) , which possesses a proofreading (3' 
exonuclease) activity, or Taq polymerase supplemented with Pfu 
polymerase will provide a better fidelity during the PGR amplification 
than Taq polymerase alone (W. M. Barnes, Proc. Natl. Acad. Sci. U.S.A., 
91:2216 (1994)). 
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Because the. sequence of the DNA fragment to be amplified by PGR 
is known in this case, whether the desired DNA fragment has been obtained 
can be determined by, after amplification, confirming its size by 
agarose gel electrophoresis, recovering the fragment from the gel, 
digesting it with appropriate restriction enzymes, and examining the 
resulting electrophoresis pattern. Agarose gel electrophoresis, 
recovering of DNA fragments from the gel, and restriction enzyme 
digestions can be done according to the ""Molecular Cloning'' above. 
A commercial kit which utilizes glass beads (for example, BIORAD 
Prep-A-Gene) can be used for recovering DNA from a gel. 

The recovered DNA fragment is digested with the restriction 
enzymes capable of cutting X(6) and Y(6) on both ends, deproteinated 
by the phenol treatment, ethanol-precipitated, and resuspended in 
an appropriate buffer, such as TE (10 mM Tris-HCl (pH 7 . 5) /I mM EDTA) . 
Similarly, the cloning sites of an appropriate expression vector are 
digested with the restriction enzymes capable of cleaving X(6) and 
Y(6), agarose gel electrophoresis is performed, and the vector DNA 
is recovered. Through this procedure, a small fragment between the 
X(6) and Y(6) recognition sites is eliminated. The DNA fragment to 
be inserted and the digested vector DNA are mixed at a ratio of, for 
example, vector DNA: DNA insert = 1 : 5 to 1:10, and ligated using T4 
DNA ligase. The ligation product is then added to competent E. coli 
cells, the transformation of the cells is performed, and transf ormants 
are screenedby the antibiotic resistance on a culture medium containing 
the antibiotic corresponding to the selection marker (e.g., ampicillin 
resistance, kanamycin resistance, etc.) encoded by the vector. 

The recombinant expression vector, to which the DNA fragment 
has been inserted, can be selected by examining the restriction enzyme 
digestion patterns of the plasmids in the antibiotic-resistant 
transf ormants . Alternatively, whether a transf ormant is a 

recombinant or not can be examined by performing a PGR reaction on 
the whole bacteria as the template, using the same set of primers 
as used to amplify the insert DNA, and detecting the presence or absence 
of the amplified target fragment . These series of procedures to obtain 
recombinant E. coli can be performed according to the ''Molecular 
Cloning" above. 
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A variety of hosts can be used in order to produce the polypeptides 
of the present invention. For example, Gramnegative and Gram positive 
bacteria such as Escherichia coli^ bacteria belonging to the genus 
Pseudomonas, Bacillus subtilis, Bacillus brevis, Bacillus 
liqueniformis, and Bacillus thuringenesis; yeast such as Pichia 
pastoris^ Schizosaccharomyces pombe, and Saccharomyces cerevisiae; 
Eumycetes such as belonging to the genus Aspergillus; insect cells 
such as Sf 9 (derived from Spodoptera frugiperda) , Sf21, TN5 (derived 
from Trichoplusia ni) , andBN4 (derived from Bomjbyxmori) ; andmammalian 
cells such as CHO (derived from the Chinese hamster ovary) and COS 
(derived from the monkey kidney) . The vector can be selected based 
on the suitability to the host cells* The final transf ormants may 
be easily obtained by producing the recombinant DNA first in E. coli 
using a shuttle vector functioning in the host to be used for production 
of the polypeptide of the present invention and E. coli. The 
transformations method used for obtaining the recombinant host that 
produces the polypeptide of the present invention include the competent 
cell method for £. coli; the competent cell method (K. Bott and G. 
A. Wilson, J* Bacteriol., 94:562 (1967)) and the protoplast method 
(M, Mandel and A, Higa, J. Mol. Biol., 53:159 (1970)) for bacteria 
belonging to the genus Bacillus; the protoplast method (M. Broker 
et al,, BioTechniques, 5:516 (1987)) for yeast; and the lipofectin 
method (R. W. Malone et al., Proc. Natl. Acad. Sci. U. S. A., 86:6077 
(1989)) and the calcium phosphate method (F. L. Graham and A. J. van 
der Eb, Virology, 52:456 (1973)) for insect cells and mammalian cells . 
In addition, the electroporation method (refer to the BIORAD Company' s 
brochure) can be used with all the cell types described above. 

Basically, the DNA encoding the region to be expressed can be 
inserted into the plasmid or viral DNA capable of replicating in the 
host downstream from a strong promoter that functions in the host. 
If the gene to be expressed is missing the translation initiation 
codon, it needs to be added. When a prokaryotic cell is used as the 
host, the ribosome binding sequence (J. R. MacLaughlin et al., J. 
Biol. Chem., 256:11283 (1981) ) is necessary. It is also possible to 
apply a method using a vector, which is not replicapable in the host 
and contains a part of the host chromosomal DNA, to effect a homologous 
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recombination with the host chromosome, thereby integrating the vector 
into the host chromosome (JP-A-Hei 4-278092 , D. J. Kingetal., Biochem. 
J., 281:317 (1992)) . On the other hand, animal or plant bodies may 
be used as hosts instead of cultured cells. For example, compared 
with the case that cultured cells are used as hosts, the polypeptide 
may be recovered from the body fluid of the silkworms more efficiently 
by constructing a recombinant virus from BmNPV, which is a silkworm 
virus, and inoculating it into silkworms (H. Kawai and Y. Shimomura, 
Bioindustry, 8:39 (1991)). The recombinant polypeptide may be 
obtained by transplanting the mouse myeloma cells transformed with 
a recombinant pSV vector into the abdominal cavity of a SCID or nude 
mouse and recovering the polypeptide from the abdominal fluid of the 
mouse. It may also be possible to use as hosts transgenic animals 
(G. Wright et al., Bio/Technology, 9:830 (1991)) or transgenic plants 
(M. Owen et al., Bio/Technology, 10:790 (1992)) constructed with the 
DNA of the present invention. 

In order to secrete the polypeptide of the present invention 
extracellularly, the signal peptide coding region of KDR can be used 
as it is if a eukaryotic cell is used as the host. If a bacterium 
is used as the host, the DNA encoding the signal peptide of a host's 
secreted polypeptide may be utilized. For example, the DNA encoding 
the signal peptide includes, as those for used in i;. coii, outer membrane 
proteins such as OmpA or OmpF, phosphatases such as PhoA, and maltose 
binding protein MalB; as those for use in the genus Bacillus, the 
DNA encoding the signal peptide for amylases, alkaline phosphatases, 
and serine proteases, whose nucleotide sequences are known. If 
intracellular expression is desired, the signal peptide coding region 
except the initiation codon can be excluded. When an exogenous 
polypeptide is expressed at a high level in bacterial cells, inclusion 
bodies are often formed. If this is the case, the inclusion bodies 
are dissolved in an 8 M urea solution, diluted to a polypeptide 
concentration of several fx g/ml, and then dialyzed to gradually remove 
the urea, thereby recovering several percents of activity of the 
polypeptide . It is alsopossible to suppress the formation of inclusion 
bodies by concurrently expressing E. coli thioredoxin at a high level 
in the bacterial cells. 
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The polypeptide of the present invention produced by the methods 
as described above can be purified through usual biochemical means, 
including, for example, ammonium sulfate precipitation, ion exchange 
chromatography, gel filtration, and hydrophobic chromatography. 
Since the polypeptide of the present invention has affinity to heparin, 
the affinity chromatography with heparin resin can be utilized. When 
it is produced as a fusion polypeptide with another polypeptide, it 
can be purified by taking advantage of the properties possessed by 
partner polypeptide (M. Uhlen et al . , Methods Enzymol . , 185 : 129 (1990) ) . 
For example, the purification can be carried out by affinity 
chromatography (F. H. Arnold, Bio/Technology, 9:151 (1991)) with 
protein A-Sepharose or protein G-Sepharose if the partner for the 
fusion polypeptide is the Fc domain of an antibody (E. Harlow and 
D. Lane, ''Antibodies", Cold Spring Harbor Laboratory Press, 1988), 
with glutathione-Sepharose if it is glutathione transferase (GST) 
(D. B. Smith and F. S- Johnson, Gene, 67:31 (1988)), with 
chloramphenicol-Sepharose if it is chloramphenicol, and with Ni^'*"-NTA 
(nitryltriacetic acid) -agarose if it is a histidine oligomer. 

The fractions containing the polypeptide of the present invention 
can be detected by EIA or western analysis using antibodies reactive 
with the polypeptide. The antibodies reactive with the polypeptide 
of the present invention can be obtained by synthesizing the 
oligopeptide corresponding to the N-terminal 25-39 amino acid residues, 
conjugating with carrier proteins such as bovine serum albumin and 
KLH (keyhole lymphet hemocyanin) , and immunizing rabbits or other 
animals using a standard method (E. Harlow and D. Lane, '"Antibodies", 
Cold Spring Harbor Laboratory Press, 1988) . It is also possible to 
obtain the antibodies reactive with the polypeptide of the present 
invention by producing in E. coli a fusion protein between the 
polypeptide of the present invention and another polypeptide, 
purifying the fusion protein by taking advantage of the partner 
polypeptide's properties, and by using it as the immunogen. 

Since the polypeptide of the present invention binds to VEGF, 
this activity can be used as an index for the purification process. 
For example, a solution containing the non-purified polypeptide of 
the present invention is appropriately diluted and a 96-well 
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polystyrene microtiter plate is coated with the solution, followed 
by blocking in the same manner as in preparing a antibody-coated plate 
for EIA. Since the thus-obtained plate specifically binds to VEGF, 
the binding can be detected by measuring the residual radioactivity 
in the wells using the ^^^I-labeled VEGF. A fraction from the 
chromatography used for purifying the polypeptide of the ^present 
invention is preincubated with ^^^I-VEGF and the mixture is placed 
into the wells of the plate to measure the residual radioactivity. 
If the fraction contains the polypeptide of the present invention, 
its presence can be confirmed because it will bind to VEGF during 
the preincubation, which will cause a competition with the polypeptide 
of the present invention on the surface of the plate, thereby reducing 
the biding of VEGF to the plate. 

The polypeptide of the present invention inhibits the binding 
of VEGF to the VEGF receptor by binding to VEGF. Since the polypeptide 
of the present invention inhibits the VEGF activity, it blocks the 
proliferation of vascular endothelial cells caused by the VEGF 
stimulation and the enhancement of vascular permeability caused by 
VEGF. Furthermore, the polypeptide of the present invention blocks 
the neovascularization in vivo caused by VEGF, thereby inhibiting 
the tumor growth. 

Therefore, the polypeptide of the present invention is useful 
as an agent for diagnosis or test of cancer and other diseases as 
well as a therapeutic agent for these diseases. 

Brief Description of the Drawings 

Figure 1 schematically shows the constitution of the 
extracellular domain of KDR. 

Figure 2 shows the autoradiography following the electrophoresis 
of the covalently cross-linked products between the cells infected 
with an EDK13-expressing recombinant baculovirus and ^^^I-VEGFies. 

Figure 3 shows the inhibition of the VEGF-dependent thymidine 
uptake in HUVEC by the culture supernatants of EDKlS-expressing cells . 

Figure 4A shows the results of the western blotting using anti-EDK 
peptide serum from body fluids of Bombyxmori infected with a recombinant 
virus carrying an EDK12/hIgG-Fc fused gene . Figure 4B shows the results 
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of the western blotting using anti-EDK peptide serum from body fluids 
of Bombyx mori infected with a recombinant virus carrying an 
EDK13/hIgG-Fc fused gene. 

Figure 5 shows the SDS-PAGE patterns of purified VK12H and 
purified VK13H. 

Figure 6 shows binding abilities of purified VK12H and purified 
VK13H to a VEGF-coated plate. 

Best Mode for Carrying out the Invention 

1. Construction of recombinant baculovirus expressing KDR 
extracellular domain (EDK) fragment 

1. 1 Preparation of cDNA from human umbilical cord-derived vascular 
endothelial cells (HUVEC) 

One ml of ISOGEN (manufactured by Wako Pure Chemical Industries) 
was added to approximately IxlO"^ HUVEC cells (manufactured by Kurabo) 
and the cells were disrupted with a pestle. Further, 9 ml of ISOGEN 
was added thereto followed by shaking for 5 min. After adding 1 ml 
of chloroform to this solution, the mixture was shaken for 1 min and 
centrifuged at 10, 000 rpm for 10 min to recover the supernatant, to 
which 1/10 volume of 3 M sodium acetate (pH 5.2) was added. To the 
resulting mixture was added 2.5 volume of ethanol to recover the 
precipitate following centrif ugation. The precipitate was washed 
with 75% ethanol, dried, and dissolved in 100 fx 1 heat-sterilized pure 
water. Thus, 102 tiqot RNA was obtained. To this solution were added 
1 /i 1 of 10% SDS and 100 fxl of ^^Oligotex-dT30 (manufactured by Takara 
Shuzo)". The resulting mixture was incubated at eS^'C for 5 min and 
then rapidly cooled in ice. This solution was mixed with 20 /i 1 of 
5 M sodium chloride and incubated at 37°C for 10 min. <The suspension 
thus obtained was centrifuged at 15,000 rpm for 15 min to recover 
the precipitate, which was resuspended in 100 /i 1 of heat-sterilized 
pure water and incubated at 65 "^C for 5 min. The suspension was 
centrifuged at 15, 000 rpm for 15 min to recover the supernatant followed 
by ethanol precipitation. The dried precipitate was dissolved in 20 
fx 1 ot heat-sterilized pure water. The resulting product was 
designated as HUVEC poly (A) ^ RNA. Subsequently, 100 ^ 1 of the 
oligo(dT) -primed HUVEC double-stranded cDNA solution was obtained 
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using this solution and the cDNA synthesis kit manufactured by Pharmacia 
following the manual. 

1.2 Cloning of DNA encoding the KDR extracellular domain (EDK) fragment 
Using the HUVEC-derived cDNA obtained above as the template, 
PGR was performed with the following conditions. 



Table 1 



Composition of the reaction mixture 
(in 50)Ul) ^ 


PGR reaction condition 


5/il LA-PCR buffer (Takara Shuzo) 
0.25mM each dNTPs 
200 nM primer 1 
200 nM primer 2 
1 /il HUVEC cDNA 

0.5 U LA-Taq polymerase (Takara 
Shuzo) 


1) 95°C, 1.5 min; 1 cycle 

2) 95*^0, 1 min; 58*^0, 1 min; 
12^C, 2.5 min; 35 cycles 

3) 72°C, 5 min; 1 cycle 



The primer sequences are as follows: 

Primer 1 : 

5^-TTCTCGGATCCTATAAAT ATGGAGAGCAAGGTGCTGCTGGCCGTC -3^ (SEQ ID NO: 5) 
Primer 2 : 

5' -TTCTCGAATTCTTAGTGGTGGTGGTGGTGGTG ACGCTCTAGGACTGTGAGCTG "3^ (SEQ 
ID NO: 6) . 

The underlined portion of ''Primer" 1 corresponds to the 
N-terminal coding sequence of KDR, and that of ''Primer 2" corresponds 
to the C-terminal coding sequence of the immunoglobulin-like domain 
6. 

Fifty ^l of the reaction mixture was treated with an equal 
volume of chloroform in order to remove the mineral oil and the aqueous 
layer was recovered, to which 1 iU 1 of 10% SDS was added. After 
incubation at eo^'C for 5 min, the solution was treated with an equal 
volume of TE-saturated phenol, an aqueous layer was recovered followed 
by ethanbl precipitation to recover the DNA fragment. The dried 
precipitate was dissolved in 30 ju 1 of TE and subjected to agarose 
gel electrophoresis. A DNA fragment of approximately 2.0 kbp was 
excised from the gel, and the DNA fragment was recovered using 
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''Prep-A-Gene" (manufactured by BIORAD) according to the manual . The 
resulting DNA fragment was digested with BamHI. The reaction mixture 
was treated with an equal volume of TE-saturated phenol and the 
BamHI-digested DNA fragment was recovered from the aqueous layer using 
''Prep-A-Gene. 5' -Phosphorylation of the resulting BamHI-digested 
DNA fragment was carried out using ''T4 Polynucleotide Kinase" (Takara 
Shuzo) . The resulting reaction mixture was treated with an equal volume 
of TE-saturated phenol. The aqueous layer was recovered followed 
by ethanol precipitation to obtain the 5' -phosphorylated 
BamHI-digested DNA fragment. 

Similarly, 1 ju g of HincII/BAP-treated .plasmid vector pUCllB 
DNA (Takara Shuzo) was digested with BamHI, the resulting reaction 
mixture was treated with an equal volume of TE-saturated phenol, and 
the BamHI-digested HincII/BAP-treated pUCllS DNA was recovered from 
the aqueous layer us ing Prep-A-Gene . " The DNA fragment and the plasmid 
DNA thus obtained were mixed at a molar ratio of 10:1 and ligation 
was performed (Ligation Kit manufactured by Takara Shuzo) . coli 
JM109 competent cells (manufactured by Takara Shuzo) were transformed 
by this ligation mixture, plated onto the 2 x TY culture medium (trypton 
16 g, yeast extract 10 g, sodium chloride 5 g, and agar 1.5 g per 
1 liter) containing 75 jug/ml ampicillin, and cultured overnight at 
N 37°C. The ampicillin-resistant colonies that emerged on the plate 
were picked up with toothpicks and cultured overnight at 37^C on 10 
ml of 2 X TY culture medium containing 50/ig/ml of ampicillin. The 
plasmid DNA was extracted from the bacterial cells recovered by the 
alkali method (according to the procedures described in ''Molecular 
Cloning" supra) and named ''pEDKHS". 

1 . 3 Construction of recombinant transfer vector for preparing 
recombinant baculovirus expressing KDR extracellular domain (EDK) 
fragment 

1.3.1 Construction of recombinant transfer vector for preparing 
recombinant baculovirus expressing immunoglobulin'-like domains 1 
through 6 

Plasmid ''pEDKH8" as obtained above was digested with BamHI and 
EcoRI, the. resulting reaction mixture was treated with an equal volume 
of TE-saturated phenol, and the BamHI, EcoRI-digested DNA fragment 
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was recovered from the aqueous layer using ''Prep-A-Gene . " Similarly, 

1 g of plasmidpVL1393 (PharMingen) , a transfer vector for recombinant 
baculovirus, was digested with BamHI and EcoRI, the resulting reaction 
mixture was treated with an equal volume of TE-saturated phenol, and 
the BamHI, -EcoRI-digested pVL1393 fragment was recovered from the 
aqueous layer using ^'Prep-A-Gene . " 

The DNA fragment and the plasmid DNA thus obtained were mixed 
at a molar ratio of 10:1 and ligation was performed. E. coli JM109 
competent cells were transformed by this ligation mixture, plated 
onto the 2 x TY culture medium containing 75 uq/ml ampicillin, and 
cultured overnight at 37^C. The ampicillin-resistant colonies that 
emerged on the plate were picked up with toothpicks, transferred into 
15 JUL 1 of the PGR reaction mixture which was identical to the 
above-described one except for lacking the template to perform PGR 
as described above for 30 cycles. After the PGR, the reaction mixture 
was subjected to agarose gel electrophoresis, a single colony was 
isolated from the colonies that produced a 2.0 kbp band. This was 
named ^'pEDK22". This plasmid DNA was sequenced using Primer 1 or Primer 

2 (according to the procedures described in ^'Molecular Gloning'' supra) 
and approximately 150 nucleotides upstream and downstream from the 
fragment were examined. As a result, the sequence of the fragment 
was confirmed to be identical to the nucleotide sequence of the KDR 
extracellular domain (EDK) -coding DNA. 

1.3.2 Gonstruction of recombinant transfer vector for preparing 
recombinant baculovirus expressing immunoglobulin-like domains 1 
through 3 

Using plasmid ''pEDKH22" obtained as above as the template, PGR 
was performed with the following conditions. 



Table 2 



Gomposition of the reaction 
mixture (in 50fJtl) 


PGR reaction cqndition 


5 )U 1 LA-PCR buffer (Takara 
Shuzo) 


4) 95°C, 1.5 min; 1 cycle 

5) 95*^0, Imin; 58*'C,'lmin; 72°C, 
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0.25 mM dNTPs 


2.5 min; 35 cvcles 


200 nM primer 1 


6) 72°C, 5 min; 1 cvcle 


200 nM primer 2 




1 a 1 HUVEC cDNA 




0 . 5 U LA-Taq polymerase {Takara 




Shuzo) 





The primer sequences are as follows: 
Primer 1 : 

5 ' -TTCTCGGATCCTATAA ATATGGAGAGCAAGGTGCTGCTGGCCGTC -3 ^ (SEQ ID NO: 5) 
Primer 3: 

5 ' -TTCTCGAATTCTTAGTGGTGGTGGTGGTGGTG AGATTCCATGCCACTTCC -3^ (SEQ ID 
NO: 7) . 

The underlined portion of ''Primer 3" corresponds to the 
C-terminal coding sequence of the immunoglobulin-like domain 3. 

Fifty iJLl of the reaction mixture was treated with an equal 
volume of chloroform in order to remove the mineral oil and the aqueous 
layer was recovered, to which 1 /i 1 of 10% SDS was added. After 
incubation at 60°C for 5 min, the solution was treated with an equal 
volume of TE-saturated phenol, an aqueous layer was recovered followed 
by ethanol precipitation to recover the DNA fragment. The dried 
precipitate was dissolved in 30 /il of TE and subjected to agarose 
gel electrophoresis. A DNA fragment of approximately 1.0 kbp was 
excised from the gel, and the DNA fragment was recovered using 
''Prep-A-Gene'' according to the manual . The recovered DNA was digested 
with BamHI and EcoRI, the resulting reaction mixture was treated with 
an equal volume of TE-saturated phenol, and the BamHI, EcoRI-digested 
DNA fragment was recovered from the aqueous layer using ^'Prep-A-Gene . " 

Similarly, 1 g of plasmid pVL1393, a transfer vector for 
recombinant baculovirus, was digested with BamHI and EcoRI, the 
resulting reaction mixture was treated with an equal volume of 
TE-saturated phenol, and the BamHI, EcoRI-digested pVL1393 fragment 
was recovered from the aqueous layer using ''Prep-A-Gene . " 

The DNA fragment and the plasmid DNA thus obtained were mixed 
at a molar ratio of 10:1 and ligation was performed. E. coli JM109 
competent cells were transformed by this ligation mixture, plated 
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onto the 2 x TY culture medium containing 75 uq/ml ampicillin, and 
cultured overnight at 37°C. The ampicillin-resistant colonies that 
emerged on the plate were picked up with toothpicks, transferred into 
15 fji 1 of the PGR reaction mixture which was identical to the 
above-described one except for lacking the template to perform PGR 
as described above for 30 cycles. After the PGR, the reaction mixture 
was subjected to agarose gel electrophoresis, single colonies were 
isolated from the ones that produced a 1.0 kbp band. This was named 
^^pbEDKlS.'' 

The E. coli cells harboring these plasmids were cultured in 
100 ml of the 2 x TY medium containing 50 im g/ml ampicillin overnight 
at 37°C. The plasmid DNAs were extracted from the recovered cell bodies 
using the alkali method, purified with an ion exchange column according 
to the manual (Diagen GimbH manufactured by Qiagen) , and dissolved 
in 200 )U 1 each of TE, to give approximately 100 ptg each of plasmid 
DNA. 

1 . 4 Production of recombinant baculovirus expressing EDK fragment 
Sf9 cells (manufactured by Invitrogen Gorp. ) cultured in the 
TMN-FH medium (manufactured by PharMingen) at an 80 % confluency were 
detached by pipetting, inoculated at 2 x 10^ cells per 60 mm dish, 
and allowed to adsorb onto the surface by standing for 30 min. Then, 
the medium was replaced with 1*5 ml of Ex-Gell 400 (manufactured by 
Iwaki Glass) , which is a serum-free medium. Twelve /i 1 of the solution 
containing 4 /il (2 /ig) of ''pbEDK13" and 2/jl1 (20 ng) of the deleted 
baculovirus DNA (BaculoGold manufactured by PharMingen) was mixed 
with 12 ul of the solution made by diluting Lipofectin two-fold in 
sterilized pure water. After the mixture was allowed to stand for 
15 min, the total volume of 24 fxl was added to the above-described 
dish and mixed. The dishes were standing-cultured in a humidified 
box at 27°C for one day, and were standing-cultured at 27^C for 4 days 
after replacing the medium with 2 . 5 ml TMN-FH . The medium was recovered 
and the supernatant obtained by centrif ugation was prepared as the 
original virus stock. This recombinant virus was designated '^BEDK13M" . 
The plaque assay performed according to the manual of Invitrogen Gorp. 
revealed that the virus had a titer of approximately 3 x 10^. The 
thus-obtained original virus stock was amplified by 3 steps according 
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to the manual of Invitrogen Corp. to give about 30 ml of the virus 
solution (having a titer of about 5 x 10^/ml) . 

In the same manner, a recombinant virus ''BEDK16" was prepared 
using ''pEDKH22." 

2. Analysis of the expression products from the recombinant 
virus-infected Sf9 cells 

2 . 1 Covalently cross-linked products with ^^^I-VEGFiss 

Sf 9 cells were allowed to be infected with the recombinant virus 
''BEDK13M'' at m.o.i. of 5 (m.o.i. means the ratio of virus particles 
to cell number) and cultured for 7 days. To the resulting culture 
supernatant was added 200,000 cpm of ^^^I-VEGFies (100,000 cpm/ng, 
Amersham) and incubated in 100 fjt 1 of PBS-0.1% BSA for 1 . 5 hr at room 
temperature. This solution was mixed with 4 ju 1^ of 25 mM 
disuccinylsuberate/dimethylsulfoxide/PBS, and, after incubation at 
room temperature for 40 min, 1/10 volume of 1 M Tris-HCl (pH 6.8) 
was added. These samples were subjected to SDS-polyacrylamide gel 
electrophoresis under non-reducing conditions according to Laemmli 
and the signal was detected by autoradiography (Fig. 2) . 

As a result, a covalently cross-linked product of molecular 
weight of 98, 000 was detected (lane 1 in Fig. 2B) , while no covalently 
cross-linked product was detected in the- culture supernatant of the 
cells infected with the control virus constructed using the recombinant 
virus, in which the DNA encoding FLT extracellular domain that is 
a VEGF receptor had been inserted in the opposite direction to the 
promoter (lane 3 in Fig. 2A) . Lane 1 in Fig. 2A shows the result of 
the culture supernatant of the 7-day cultured cells infected with 
''BEDK16'' as a positive control at m.o.i. of 5 and lane 3 shows the 
result of the above-described control virus-infected cells. Lanes 
2 and 4 show the results obtained by adding 100-fold non-labeled VEGFies 
(R&D) to the system of lanes 1 and 3. 

The 250 Kd band indicated by an arrow in the figure corresponds 
to the covalently cross-linked product between a dimer of the 
polypeptide consisting of the iramunoglobulin-like domains 1 through 
6 of EDK and a dimer of VEGFies- Lane 1 in Figure 2B shows the result 
of the culture supernatant of the cells infected with ''BEDK13M" and 
lane 2 shows the result obtained by adding 100-fold non-labeled VEGFies 
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(R&D) . 

Since the molecular weight of the VEGFies (R&D) dimer is 42, 000, 
it is subtracted from the molecular weight of 98, 000 of the covalently 
cross-linked product to give 56, 000. The molecular weight estimated 
from the amino acid sequence is about 56,000. Therefore, it was 
confirmed that the ''BEDK13M''-inf ected cells expressed the polypeptide 
consisting of the immunoglobulin-like domains 1 through 3 of EDK. 
The polypeptide expressed by ''BEDK13M" was designated as ''EDK13." 
2 . 2 Nucleotide sequence analysis of the insert DNA in the recombinant 
transfer vector 

Nucleotide sequences were determined in order to confirm the 
cloned DNA' s sequences in the plasmid "'pbEDKlS" which revealed that 
the nucleotide sequence of the part of the insert DNA in ''pbEDK13'', 
which corresponds to the immunoglobulin-like domains 1 through 3 of 
the KDR extracellular domain, differs in only two residues from the 
sequence of KDR gene (SEQ. ID NO: 1) reported by Bruce I. Terman (in 
SEQ ID NO: 1, T at position 382 was replaced with A and T at position 
636 was replaced with C) . As a resialt, serine at position 109 of the 
amino acid sequence was replaced with threonine. 
2 • 3 Inhibition of the biological activities of VEGF 

The ''EDK13"-expression culture supernatant was examined for 
inhibition of enhancement by VEGF of the thymidine uptake of the human 
umbilical cord--derived vascular endothelial cells (HUVEC) . HUVEC 
cells were inoculated on a 96-well collagen plate (manufactured by 
Iwaki Glass) at 3,000 cells/well/100 // 1 (EGM-UV medium manufactured 
by Kurabo) and cultured at 37^C, 5% CO2, for 24 hr. The cells were 
washed twice with a washing medium, 50 ju 1 of 20 ng/ml VEGFies and 50 
1 of the sample were added there to followed by culturing for 4 days. 
Ten jul of 50 ijlCx/2 nmoles/ml of ^H-thymidine (Amersham) was added 
to each well and incubated for another 24 hr. After washing twice 
with PBS, the cells were detached by trypsin/EDTA and recovered on 
a glass filter by Cell Harvester (manufactured by Cambridge Technology, 
Inc.) to measure radioactivity with a scintillation counter (Figure 
3) . Compared with the wild type virus-infected culture supernatant 
used as the control, the ''EDK13"-expression culture supernatant showed 
a significant inhibition of the VEGF-dependent thymidine uptake. The 
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results elucidated that inhibited enhancement by VEGF of the 

thymidine uptake by HUVEC, i.e., the enhancement of DNA synthesis. 
3. Confirmation of the function of fusion protein between fragments 
of the extracellular region of KDR (EDK) and IgG-Fc region 

3. 1 Expression of fusion protein between fragments of the extracellular 
region of KDR and IgG-Fc region in the Bombyx mori body fluid 

3.1.1 Preparation of DNA encoding EDK fragments 

Using plasmid ''pEDKH22'' DNA as obtained above as the template, 
PGR was performed under the following conditions to amplify DNA 
fragments encoding the immunoglobulin-like domains 1 and 2 or the 
immunoglobulin-like domains 1 through 3 of EDK. 
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Table 3 

Amplification of DNA encoding the iinmunoglobulin-like domains 1 and 
2 of EDK 



Composition of the reaction 
mixture (in 100 ^il) 


PGR reaction condition 


10 |al lA-PCR buffer (Takara 


1) 96°C, 2 min; 1 cycle 


OilUZO; 




0*25 mM dNTPs 


2) 95''C, 1 min; GO^'C, 1 min; 72^*0, 1 




min; 30 cvcles 


200 nM primer 1 


3) 72*C, 10 min; 1 cycle 


200 nM primer 4 




1 EDKH22 




1.0 U LA-Taq polymerase 




(Takara Shuzo) 





The sequence of Primer 1 was shown above. The sequence of Primer 
4 is as follows: 

Primer 4 : 

5 ' -TTTGTCACAAGATTTGGGCTC CGGACTCAGAACCACATCATA -3 ' (SEQ ID NO: 8). 

The portion of Primer 4 with the wavy underline corresponds to 
the sequence (antisense strand) encoding five amino acids at the 
N-terminus of the hinge region of human IgGl-Fc region^ and that with 
the straight underline corresponds to the sequence (antisense strand) 
encoding the immunoglobulin-like domain 2 (205 to 211) of EDK. 
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Table 4 

Amplification of DNA encoding the immunoglobulin- like domains 1 through 
3 of EDK 



Composition of the reaction 
mixture (in 100 |J,1) 


PGR reaction condition 


10 ^il LA-PCR buffer (Takara 
Shuzo) 

0.25 mM dNTPs 

200 nM primer 1 
200 nM primer 5 
1 Jig EDKH22 

1.0 U LA-Taq polymerase (Takara 
Shuzo) 


1) 96°C, 2 min; 1 cycle 

2) gS^'C, Imin: 60°C, Imin; 72*'C, Imin; 
30 cycles 

3) 72°C, 10 min; 1 cycle 



The sequence of Primer 1 was shown above. The sequence of Primer 
5 is as follows: 

Primer 5: 

5 ' - TTTGTCACAAGATT TGGGCTC AGATTCCATGCCACTTCCAAA -3 ' (SEQ ID NO: 9). 

The portion of Primer 5 with the wavy underline corresponds to 
the sequence (antisense strand) encoding five amino acids at the 
N-terminus of the hinge region of human IgGl-Fc domain, and that with 
the straight underline corresponds to the sequence (antisense strand) 
encoding the immunoglobulin-like domain 3 (313 to 319) of EDK. 

In a similar manner as described above, from each PGR solution 
was obtained the purified DNA fragment (0.6 Kbp) encoding the 
immunoglobulin-like domains 1 and 2 of EDK, or that (0.9 Kbp) encoding 
the immunoglobulin-like domains 1 through 3 of EDK, respectively, 
and they were independently dissolved in 20 jil of TE buffer [10 mM 
Tris-HGl (pH 7.5) and 1 mM EDTA-2Na] . 
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3 . 1 • 2 Preparation of DNA fragments encoding human IgGl-Fc regio n 



Human lymphobalstoma IM9 cell line (Dainihon Pharmaceutical Co.) 
was cultured in the PRMI1640 medium (GIBCO BRL) . From 4 x 10*^ cells^ 
cDNA solution {100 f4.1) was prepared in the same manner as described 
above, and DNA fragments of human IgGl-Fc were amplified by PGR in 
two steps. 

Table 5 



Amplification of DNA encoding human IgGl-Fc 



Composition of the reaction 
mixture (in 100 


PGR reaction condition 


10 \xl LA-PCR buffer (Takara 
Shuzo) 

0.25 mM dNTPs 

200 nM primer 6 
200 nM primer 7 
1 |il IM9 cDNA 

1.0 U LA-Taq polymerase 
(Takara Shuzo) 


1) 94''C, 2 min; 1 cycle 

2) 94°C, Imin: 60°C, 1 min; IZ'^C, Imin; 
20 cycles 

3) 72°C, 10 min; 1 cycle 



Sequences of Primer 6 and Primer 7 are as follows: 
Primer 6: 

5'-TCTTGTGACAAAACTCACACATGC-3' (SEQ ID NO:. 10) 
Primer 7 : 

5'-CGGAGACAGGGAGAGGCTCTTCTG-3' (SEQ ID NO: 11).' 

Primer 8 and Primer 9 were added to the above-described PGR reaction 
solution to a concentration of 200 nM, and a second PGR was performed 
by 15 cycles under the conditions 2) followed by 1 cycle under the 
condition 3) in Table 5. 

Sequences of Primers 8 and Primer 9 are as follows: 
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Primer 8: 

5'-GAGCCCAAATCTTGAGACAAA-3' (SEQ ID NO: 12) 
Primer 9: 

5 ' -TTCTTCTAG ATTAGTGGTGGTGGTGGTGGTGTTTACCCGGAGACAGGGA -3 * ( SEQ ID NO : 
13) . 

Primer 8 corresponds to the sequence encoding the N-terminal amino 
acids of human IgGl-Fc. The portion of Primer 9 with the dotted 
underline corresponds to the restriction enzyme Xbal recognition site^ 
that with the double underline to the stop codon (antisense strand) , 
that with the straight underline to the codons for six histidine residues 
(antisense strand) /. and that with the wavy underline to the sequence 
encoding the Crterminal amino acids of human IgGl-Fc (antisense 
strand) . 

In a similar manner as described above, from each PGR solution 
were obtained the purified DNA fragments of 0.7 Kbp each encoding 
the human IgGl-Fc, and independently dissolved in 20 .|il of TE buffer 
[10 mM Tris-HCl (pH 7.5) and 1 mM EDTA-2Na] • 

3.1.3 Preparation of DNA encoding the fusion protein between EDK 
fragment and human IgGl-F 

PGR was performed under the following conditions to join the 
immunoglobulin-like domains 1 and 2 (EDK12) DNA or the 
immunoglobulin-like domains 1 through 3 (EDK13) DNA of EDK obtained 
as described above with the human IgGl-Fc (hIgGl-Fc) . 
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Table 6 

Fusion reaction between EDK12 DNA and human IgGl-Fc (hIgGl-Fc) DNA 



Composition of the reaction 
mixture (in 100 


PCR reaction condition 


10 ^il LA-PCR buffer JTakara 
Shuzo) 

0.25 mM dNTPs 

zuu niYi primer i 

200 nM primer 9 

2 |Lll EDK12 DNA 

2 ^il hIgGl-Fc DNA 

l.OU LA-Taq polymerase (Takara 

Shuzo) 


1) 95^C, 2 min; 1 cycle 

2) 94''C, 1 min: slowly cooled to 50''C 
in 15 min, then 1 min; 72''C, 1 min; 3 
cycles 

3) 94'*C, Imin: eo'^C, Imin; 72''C, Imin; 
30 cycles 

4) 72°C, 10 min; 1 cycle 


Table 7 

Fusion reaction between EDK13 DNA and human IgGl-F DNA 


Composition of the reaction 
mixture (in 100 |li1) 


PCR reaction condition 


10 ^il LA-PCR buffer (Takara 
Shuzo) 

0.25 mM dNTPs 

200 nM primer 1 

200 nM primer 9 

2 ^1 EDK13 DNA 

2 |Lil hIgGl-Fc DNA 

1*0 U LA-Taq polymerase 

(Takara Shuzo) 


1) 95°C, 2 min; 1 cycle 

2) 94°C, 1 min: slowly cooled to SO^'C 
in 15 min, . then 1 min; 72''C, 1 min; 3 
cycles 

3) 94''C, Imin: 60°C, Imin; 72^C, Imin; 
30 cycles 

4) 72°C, 10 min; 1 cycle 



In a similar manner as described above, from each PCR reaction 
solution were obtained the purified EDK12/hIgGl-F fusion DNA of 1.3 
Kbp and the purified EDK12/hIgGl-F fusion DNA of 1 . 6 Kbp, respectively. 
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3.1.4 Preparation of recombinant expression virus functioning in 
Bombyx mori 

In the same manner as described above, both termini of each DNA 
fragment described above were digested with restriction enzymes EcojRI 
and Xbal, and inserted to Bombyx mori nuclear polyhederosis virus 
transfer vector pBMOOSO (S. Maeda, Gene transfer vectors of a 
baculovirus, Bombyx mori, and their use for expression of foreign 
genes in insect cells. Invertebrate cell system applications, p. 167, 
Vol. I, Ed. by J. Mitsuhashi, CRC Press, 1989) previously digested 
with EcoRI and Xbal to obtain the respective purified recombinant 
plasmids. Then, in order to obtain recombinant virus, these plasmid 
DNAs and DNA of CPd virus, a cysteine protease-def icient mutant of 
the Bombyx mori nuclear polyhedrosis virus (T. Suzuki et al.. Journal 
of General Virology, 78, p. 3073, 1997, Japanese Patent Laid-Open 
Publication No . Hei 7-3034 88) were co-transf ected to Bombyx 
mori-derived BoMolSAIIc cells (J. Kobayashi, et al., Cytotechnology 
8, p. 103, 1992) using the lipofectin reagent (GibcoRRI) according 
to the manual . 

Then, EIA was performed applying the culture supernatant of single 
virus clone obtained by the limiting dilution to Immulon 2 strip 
(Dinatech) pre-coated with VEGF121 (S. Kondo et al., BBA, 1243, p. 
195, 1995) and using POD-labeled anti-human IgG antibody (MBL) as 
the secondary antibody to select color-developed clones . Furthermore, 
since the culture supernatant was believed to contain the recombinant 
virus, it was infected to BoMol5AIIc cells to propagate to the density 
of about 10^ cells/ml. 

3.1.5 Preparation of anti-EDK peptide serum 

Peptide comprising 15 amino acid residues from proline at position 
5 in the amino acid sequence of EDK was synthesized using MAP resin, 
and immunized to rabbit every 2 week three times to obtain anti serum. 

3.1.5 Inoculation of virus to Bombyx mori larva 

The culture supernatant containing each recombinant virus was mixed 
with diet, and fed to Bombyx mori larvae of the fifth instar at the 
dose of 10^ to 10^ viruses per larva. The body fluid was recovered 
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from them after 5- to 6-day feeding and phenylthiourea was added to 
the body fluid to prevent melanization. It was then stored at -80^C. 

3.1.7 Confirmation of expression in Bombyx mori larva and 
identification of expression product 

According to the method described in "J. Sambrook, E. F. Fritsch 
andT. Maniatis, Molecular Cloning: A; laboratory manual (2nd edition) , 
ed. byN. Ford et al., p. 18, l-p. 18.75, Cold Spring Harbor Laboratory 
Press, New York (1989)", these samples were subjected to 
SDS-polyacrylamide gel electrophoresis followed by the Western 
blotting analysis using a 200-fold diluted anti-EDK peptide antiserum, 
revealing the formation of specific immunoreaction products 
corresponding to the predicted molecular weight which were not found 
in the body fluid of control larvae. That is, in the case of recombinant 
virus transformed with EDK12/hIgG-Fc fusion DNA, immunoreaction band 
corresponding to the molecular weight of about 55,000 was observed, 
and in the case of recombinant virus transformed with EDK13/hIgG-Fc 
fusion DNA immunoreaction band corresponding to the molecular weight 
of about 65, 000 was detected (Figs. 4A and 4B) . From these results, 
the expression of EDK fragments was definitely identified. Also, 
EDK12/hIgG-Fc and EDK13/hIgG-Fc fusion proteins were designated VK12H 
and VK13H, respectively. 

3.1.8 Purification of VK12H and VK13H from Bombyx mori body fluid 

All procedures were carried out at the temperature kept at 0 to 
4^C. Bombyx mori body fluid recovered and stored was dissolved at 
room temperature, centrifuged at 15,000 rpm for 10 min, and the 
supernatant was filtered through a filter of pore size of 0.45 |im 
to remove insoluble materials. To this supernatant was added each 
reagent stock solution to the final concentrations of 20 mM for Tris-HCl 
(pH 8.0), 150 mM for KCl, 0.1% for NP-40 and 1 mM for imidazole-HCl 
(pH 8.0). This solution was applied onto a column of Hi-Trap 
Chelating/Cu^^ (Pharmacia), washed with the same buffer, then with 
the same buffer containing 40 mM imidazole-HCl (pH 8.0) . Elution was ■ 
performed using 0.3 M imidazole-HCl (pH 8.0)/0.5 M KCl. SDS-PAGE of 
the recovered protein indicated the purification of proteins 
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corresponding to the bands observed by the Western blotting analysis 
(Fig. 5) . 

3.1.9 Confirmation of binding ability of purified VK12H and VK13H 
to VEGF 

A solution (100|Lil) of 100 ngVEGFi2i/inl phosphate-buff ered saline 
(PBS) was placed into each well of Iminulon 2 strip and allowed to 
stand at 4°C overnight. The solution in each well was discarded and 
1% bovine serum albumin (BSA) /PBS (300 |il) was added therefor. The 
plate was incubated at room temperature for 2 h for blocking. Then, 
a diluted solution (100 |il) of purified VK12H or VK13H was added to 
each well, the plate was allowed to stand at room temperature for 

1 h, and wells were then washed with 0.1% BSA/PBS six times. A 
POD-labeled anti-human IgG antibody (MBL) (100 |il) which had been 
diluted 1, 000 fold with 0.1% BSA/PBS was added to each well, allowed 
to stand at room temperature for 1 h, and then the wells were washed 
six times with 0. 1% BSA/PBS. A solution (100 fil) of 10 mM sodium acetate 
(pH 5.2), 0.15% hydrogen peroxide, and ortthophenylene diamine (OPD) 
(Wako Pure Chemical) (one tablet/20 ml) was added to each well to 
develop color for 30 min. After the reaction was terminated by adding 

2 N sulfuric acid (100 |il), the absorbance at 4 92 nm was measured 
(Fig. 6) . As a result, the VEGF-coated plate did not develop color 
at all when a 100-fold diluted body fluid of Bombyx mori infected 
with non-recombinant virus or a human IgGl (BioPur AG, #10-3 1-1212, 
Swiss) (5 jag/ml) was added as the control, while it strongly develop 
color when purified VK12H and VK13H were used. Furthermore, the color 
development was inhibited by the externally added VEGFies (R&D) in 
excess . These results indicate that VK12H and VK13H specifically bind 
to VEGF. From these results, it has been proved that the fusion protein 
between the immunoglobulin-like domains 1 and 2 of the extracellular 
region of KDR and the human IgGl-Fc, and that between the 
immunoglobulin-like domains 1 through 3 of the extracellular region 
of KDR and the human IgGl-Fc are capable of binding to VEGF. 

Industrial Applicability 

The polypeptides of the present invention can be utilized in 
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treating diseases accompanying pathological neovascularization, such 
as" solid tumors, because they can inhibit the VEGF-stimulated 
neovascularization. In addition, since they are constituted by 
human-derived amino acids, they are unlikely to trigger antibody 
production when administered. Furthermore, since they have smaller 
molecular weights than the conventional polypeptides (R. L. Kendal 
and K. A. Thomas, Proc. Natl. Acad. Sci. U.S.A., 90:10705 (1993)), 
it is easier to express them using recombinant DNA techniques, and 
they infiltrate into diseased sites more quickly. 
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SEQUENCE LISTING 



(1) APPLICANT: Toa Gosei Co., Ltd. 

(2) TITLE OF THE INVENTION: VEGF-binding Polypeptides 

(3) REFERENCE NUMBER: T1-807PCT 

(4) APPLICATION NUMBER: 

(5) FILING DATE: 

(6) COUNRY WHERE BASIC- APPLICATION WAS FILED AND APPLICATION NUMBER 
OF THE BASIC APPLICATION: Japan, Hei 9-19706 

(7) PRIORITY CLAIMED: January 17, 1997 

(8) NUMBER OF SEQUENCES: 13 

SEQ ID N0:1 . . 

SEQUENCE LENGTH: 2295 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS : double 
TOPOLOGY: linear 
MOLECULAR TYPE: cDNA 
ORIGINAL SOURCE: 

ORGANISM: Homo sapiens 

CELL TYPE: placenta tissue 
FEATURE : 

NAME/KEY: CDS 

LOCATION: 1..1014 

IDENTIFICATION METHOD: E 

NAME /KEY: CDS 
LOCATION: 1015.. 2295 
IDENTIFICATION METHOD: S 

NAME/KEY: sig peptide 
LOCATION: 1..57 
IDENTIFICATION METHOD: S 

NAME/KEY: mat peptide 
LOCATION: 58.. 22 92 
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IDENTIFICATION MEHOD: S 



SEQUENCE DESCRIPTION: 

ATG GAG AGO AAG GTG CTG CTG GCC GTC GCC CTG TGG CTC TGC GTG GAG 48 
Met Glu Ser Lys Val Leu Leu Ala Val Ala Leu Trp Leu Cys Val Glu 

-15 -10 ■ -5 

ACC CGG GCC GCC TCT GTG GGT TTG CCT AGT GTT TCT CTT GAT CTG CCC 96 
Thr Arg Ala Ala Ser Val Gly Leu Pro Ser Val Ser Leu Asp Leu Pro 

1 5 10 

AGG CTC AGC ATA CAA AAA GAC ATA CTT ACA ATT AAG GCT AAT ACA ACT 144 
Arg Leu Ser lie Gin Lys Asp lie Leu Thr lie Lys Ala Asn Thr Thr 

15 20 25 

CTT CAA ATT ACT TGC AGG GGA CAG AGG GAC TTG GAC TGG CTT TGG CCC 192 
Leu Gin lie Thr Cys Arg Gly Gin Arg Asp Leu Asp Trp Leu Trp Pro 
30 35 40 45 

AAT AAT CAG AGT GGC AGT GAG CAA AGG GTG GAG GTG ACT GAG TGC AGC 240 
Asn Asn Gin Ser Gly Ser Glu Gin Arg Val Glu Val Thr Glu Cys Ser 

50 55 60 

GAT GGC CTC TTC TGT AAG ACA CTC ACA ATT CCA AAA GTG ATC GGA AAT 288 
Asp Gly Leu Phe Cys Lys Thr Leu Thr lie Pro Lys Val lie Gly Asn 

65 70 75 

GAC ACT GGA GCC TAC AAG TGC TTC TAC CGG GAA ACT GAC TTG GCC TCG 336 
Asp Thr Gly Ala Tyr Lys Cys Phe Tyr Arg Glu Thr Asp Leu Ala Ser 

80 85 90 

GTC ATT TAT GTC TAT GTT CAA GAT TAC AGA TCT CCA TTT ATT GCT TCT 384 
Val lie Tyr Val Tyr Val Gin Asp Tyr Arg Ser Pro Phe lie Ala Ser 

95 100 105 

GTT AGT GAC CAA CAT GGA GTC GTG TAC ATT ACT GAG AAC AAA AAC AAA 432 
Val Ser Asp Gin His Gly Val Val Tyr He Thr Glu Asn Lys Asn Lys 
110 115 120 125 

ACT GTG GTG ATT CCA TGT CTC GGG TCC ATT TCA AAT CTC AAC GTG TCA 480 ' 
Thr Val Val He Pro Cys Leu Gly Ser He Ser Asn Leu Asn Val Ser 

130 135 140 

CTT TGT GCA AGA TAC CCA GAA AAG AGA TTT GTT CCT GAT GGT AAC AGA 528 
Leu Cys Ala Arg Tyr Pro Glu Lys Arg Phe Val Pro Asp Gly Asn Arg 
145 150 155 
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ATT TCC TGG GAC AGC AAG AAG GGC TTT ACT ATT CCC AGC TAG ATG ATC 576 
lie Ser Trp Asp Ser Lys Lys Gly Phe Thr lie Pro Ser Tyr Met lie 

160 165 170 

AGC TAT GCT GGC ATG GTC TTC TGT GAA GCA AAA ATT AAT GAT GAA AGT 624 
Ser Tyr Ala Gly Met Val Phe Cys Glu Ala Lys He Asn Asp Glu Ser 

175 180 185 

TAG CAG TCT ATT ATG TAG ATA GTT GTC GTT GTA GGG TAT AGG ATT TAT 672 
Tyr Gin Ser He Met Tyr He Val Val Val Val Gly Tyr Arg He Tyr 
190 195 200 205 

GAT GTG GTT CTG AGT CCG TCT CAT GGA ATT GAA CTA TCT GTT GGA GAA 720 
Asp Val Val Leu Ser Pro Ser His Gly He Glu Leu Ser Val Gly Glu 

210 215 220 

AAG CTT GTC TTA AAT TGT ACA GCA AGA ACT GAA CTA AAT GTG GGG ATT 768 
Lys Leu Val Leu Asn Cys Thr Ala Arg Thr Glu Leu Asn Val Gly He 

225 230 235 

GAC TTC AAC TGG GAA TAC CCT TCT TCG AAG CAT CAG CAT AAG AAA CTT 816 
Asp Phe Asn Trp Glu Tyr Pro Ser Ser Lys His Gin His Lys Lys Leu 

240 245 250 

GTA AAC CGA GAC CTA AAA ACC CAG TCT GGG AGT GAG ATG AAG AAA TTT 864 
Val Asn Arg Asp Leu" Lys Thr Gin Ser Gly Ser Glu Met Lys Lys Phe 

. 255 260 ' . 265 

TTG AGC ACC TTA ACT ATA GAT GGT GTA ACC CGG AGT GAC CAA GGA TTG 912 
Leu Ser Thr Leu Thr He Asp Gly Val Thr Arg Ser Asp Gin Gly Leu 
270 275 280 285 

TAC ACC TGT GCA GCA TCC AGT GGG CTG ATG ACC AAG AAG AAC AGC ACA 960 
Tyr Thr Cys Ala Ala Ser Ser Gly Leu Met Thr Lys Lys Asn Ser Thr 

290 295 300 

TTT GTC AGG GTC CAT GAA AAA CCT TTT GTT GCT TTT GGA AGT GGC ATG 1008 
Phe Val Arg Val His Glu Lys Pro Phe Val Ala Phe Gly Ser Gly Met 

305 310 315 

GAA TCT CTG GTG GAA GCC ACG GTG GGG GAG CGT GTC AGA ATC CCT GCG 1056 
Glu Ser Leu Val Glu Ala Thr Val Gly Glu Arg Val Arg lie Pro Ala 

320 325 330 

AAG TAC CTT GGT TAC CCA CCC CCA GAA ATA AAA TGG TAT AAA AAT GGA 1104 
Lys Tyr Leu Gly Tyr Pro Pro Pro Glu He Lys Trp Tyr Lys Asn Gly 
335 . 340 345 



33 



ATA CCC CTT GAG TCC AAT GAG AGA ATT AAA GGG GGG GAT GTA CTG AGG 1152 
lie Pro Leu Glu Ser Asn His Thr He Lys Ala Gly His Val Leu Thr 
350 355 360 365 

ATT ATG GAA GTG AGT GAA AGA GAG AGA GGA AAT TAG AGT GTC ATG GTT 1200 
He Met Glu Val Ser Glu Arg Asp Thr Gly Asn Tyr Thr Val He Leu 

370 375 380 

AGG AAT GGG ATT TGA AAG GAG AAG GAG AGG GAT GTG GTG TCT GTG GTT 1248 
Thr Asn Pro He Ser Lys Glu Lys Gin Ser His Val Val Ser Leu Val 

385 390 , • 395 

GTG TAT GTG GGA GGG GAG ATT GGT GAG AAA TGT GTA ATG TCT GGT GTG 1296 
Val Tyr Val Pro Pro Gin He Gly Glu Lys Ser Leu He Ser Pro Val 

400 405 410 . 

GAT TGG TAG GAG TAG GGG ACC ACT GAA AGG CTG AGA TGT ACG GTC TAT 1344 
Asp Ser Tyr Gin Tyr Gly Thr Thr Gin Thr Leu Thr Cys Thr Val Tyr 

415 420 425 

GGG ATT GGT CCC GGG CAT GAG ATC GAG TGG TAT TGG GAG TTG GAG GAA 1392 
Ala He Pro Pro Pro His His He His Trp Tyr Trp Gin Leu Glu Glu 
430 435 440 445 

GAG TGC GGG AAG GAG CCC AGG GAA GGT GTC TGA GTG AGA AAC CCA TAG 1440 
Glu Cys Ala Asn Glu Pro Ser Gin Ala Val Ser Val Thr Asn Pro Tyr 

450 455 460 

GGT TGT GAA GAA TGG AGA AGT GTG GAG GAG TTG GAG GGA GGA AAT AAA 1488 
Pro Cys Glu Glu Trp Arg Ser Val Glu Asp Phe Gin Gly Gly Asn Lys 

465 470 475 

ATT GAA GTT AAT AAA AAT CAA TTT GGT GTA ATT GAA GGA AAA AAC AAA 1536 
He Glu Val Asn Lys Asn Gin Phe Ala Leu He Glu Gly Lys Asn Lys 

480 485 490 

ACT GTA AGT ACC CTT GTT ATC CAA GCG GGA AAT GTG TGA GGT TTG TAG 1584 
Thr Val Ser Thr Leu Val He Gin Ala Ala Asn Val Ser Ala Leu Tyr 

495 500 505 

AAA TGT GAA GCG GTC AAC AAA GTC GGG AGA GGA GAG AGG GTG ATC TCC 1632 
Lys Cys Glu Ala Val Asn Lys Val Gly Arg Gly Glu Arg Val He Ser 
510 515 520 ^ 525 

TTG GAG GTG ACC AGG GGT GGT GAA ATT ACT TTG CAA GGT GAG ATG GAG 1680 
Phe His Val Thr Arg Gly Pro Glu He Thr Leu Gin Pro Asp Met Gin 
530 535 540 
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CCC ACT GAG CAG GAG AGC GTG TCT TTG TGG TGC ACT GCA GAC AGA TCT 1728 
Pro Thr Glu Gin Glu Ser Val Ser Leu Trp Cys Thr Ala Asp Arg Ser 

545 550 ' 555 

ACG TTT GAG AAC CTC AGA TGG TAC AAG CTT GGC CCA CAG CCT CTG CCA 177 6 
Thr Phe Glu Asn Leu Thr Trp Tyr Lys Leu Gly Pro Gin Pro Leu Pro 

560 565 570 

ATC CAT GTG GGA GAG TTG CCC ACA CCT GTT TGC AAG AAC TTG GAT ACT 1824 
lie His Val Gly Glu Leu Pro Thr Pro Val Cys Lys Asn Leu Asp Thr 

575 _ 580 585 

CTT TGG AAA TTG AAT GCC ACC ATG TTC TCT AAT AGC ACA AAT GAC ATT 1872 
Leu Trp Lys Leu Asn Ala Thr Met Phe Ser Asn Ser Thr Asn Asp lie 
590 595 600 605 

TTG ATC ATG GAG CTT AAG AAT GCA TCC TTG CAG GAC CAA GGA GAC TAT 1920 
Leu lie Met Glu Leu Lys Asn Ala Ser Leu Gin Asp Gin Gly Asp Tyr 

610 615 620 

GTC TGC CTT GCT CAA GAC AGG AAG ACC AAG AAA AGA CAT TGC GTG GTC 1968 
Val Cys Leu Ala Gin Asp Arg Lys Thr Lys Lys Arg His Cys Val Val 

625 630 635 

AGG CAG CTC ACA GTC CTA GAG CGT GTG GCA CCC ACG ATC ACA GGA AAC^ 2016 
Arg Gin Leu Thr Val Leu Glu. Arg Val Ala Pro Thr lie Thr Gly Asn 

640 645 650 

CTG GAG AAT CAG ACG ACA AGT ATT GGG GAA AGC ATC GAA GTC TCA TGC 2064 
Leu Glu Asn Gin Thr Thr Ser lie Gly Glu Ser lie Glu Val Ser Cys 

655 660 665 

ACG GCA TCT GGG AAT CCC CCT CCA CAG ATC ATG TGG TTT AAA GAT AAT 2112 
Thr Ala Ser Gly Asn Pro Pro Pro Gin lie Met Trp Phe Lys Asp Asn 
670 675 680 690 

GAG ACC CTT GTA GAA GAC TCA GGC ATT GTA TTG AAG GAT GGG AAC CGG 2160 
Glu Thr Leu Val Glu Asp Ser Gly lie Val Leu Lys Asp Gly Asn Arg 

695 700 705 

AAC CTC ACT ATC CGC AGA GTG AGG AAG GAG GAC GAA GGC CTC TAC ACC 2208 
Asn Leu Thr lie Arg Arg Val Arg Lys Glu Asp Glu Gly Leu Tyr Thr 

710 715 720 

TGC CAG GCA TGC AGT GTT CTT GGC TGT GCA AAA GTG GAG GCA TTT TTC 2256 
Cys Gin Ala Cys Ser Val Leu Gly Cys Ala Lys Val Glu Ala Phe Phe 
725 730 735 
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ATA ATA GAA GGT GCC CAG GAA AAG ACG AAC TTG GAA XXX 
lie lie Glu Gly Ala Gin Glu Lys Thr Asn Leu Glu Stop 
740 745 750 



SEQ ID NO: 2 
SEQUENCE LENGTH: 21 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: 
ATGGAGAGCA AGGTGCTGCT G 

SEQ ID NO: 3 
SEQUENCE LENGTH: 21 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE' DESCRIPTION: 
ACGCTCTAGG ACTGTGAGCT G 

SEQ ID NO: 4 
SEQUENCE LENGTH: 21 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: 

AGATTCCATG CCACTTCCAA A ^ 

SEQ ID NO: 5 
SEQUENCE LENGTH: 45 
SEQENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 
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MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: 

TTCTCGGATC CTATAAATAT GGAGAGCAAG GTGCTGCTGG CCGTC 45 

SEQ ID NO: 6 
SEQENCE LENGTH: 53 
SEQENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQENCE DESCRIPTION: 

TTCTCGAATT CTTAGTGGTG GTGGTGGTGG TGACGCTCTA GGACTGTGAG CTG 53 

SEQ ID NO: 7 
SEQENCE LENGTH: 50 
SEQENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 

SEQUENCE DESCRIPTION: ' 

TTCTCGAATT CTTAGTGGTG GTGGTGGTGG TGAGATTCCA TGCCACTTCC 50 

SEQ ID NO:. 8 
SEQUENCE LENGTH: 42 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: 

TTTGTCACAA GATTTGGGCT CCGGACTCAG AACCACATCA TA 42 

SEQ ID NO: 9 
SEQUENCE LENGTH: 42 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 
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MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: 

TTTGTCACAA GATTTGGGCT CAGATTCCAT GCCACTTCCA AA 

SEQ ID NO: 10 
SEQUENCE LENGTH: 24 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single. 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: 
TCTTGTGACA AAACTCACAC ATGC 

SEQ ID NO: 11 
SEQUENCE LENGTH: 24 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: 
CGGAGACAGG GAGAGGGTCT TCTG 

SEQ ID NO: 12 
SEQUENCE LENGTH: 21 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: 
GAGCCCAAAT CTTGAGACAA A 

SEQ ID NO: 13 
SEQUENCE LENGTH: 4 9 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 



38 



MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: 

TTCTTCTAGA TTAGTGGTGG TGGTGGTGGT GTTTACCCGG AGACAGGGA 
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CLAIMS 



1. A polypeptide capable of inhibiting activities of VEGFby binding 
to VEGF and being a part of a polypeptide constituting the extracellular 
domain of KDR, which comprises at least immunoglobulin-like domain 
1 and immunoglobulin-like domain 2 with lacking in at least a part 
of the amino acid sequence of immunoglobulin-like domain, 

2. The polypeptide of claim 1, which further comprises at least 
immunoglobulin-like domain 3. 

3. A DNA encoding the polypeptide of claim 1 or 2. 

4 . A vector containing the DNA of claim 3 . 

5. A transformant carrying the vector of claim 4. 
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ABSTRACT 



A novel polypeptide is provided, which can be utilized to treat 
diseases accompanying neovascularization, such as solid tumors, and 
is useful as a low molecular weight VEGF inhibitor. The polypeptide 
contains immunoglobulin-like domain 1 and immunoglobulin-like domain 
2 of the extracellular domain of the VEGF receptor KDR. Since it has 
smaller molecular weight than the conventional polypeptides with 
retaining VEGF inhibitory activity, it is expected that it can be 
readily expressed using recombinant DNA techniques and infiltrates 
into diseased sites more quickly. 
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